DOCUMENT RESUME 



ED 069 524 

AUTHOR 

TITLE 

INSTITUTION 
SPONS AGENCY 

PUB DATE 

GRANT 

NOTE 



j SE 015 335 

! 

Cox, Philip L. 

Exploring Linear Measure, Teacher' s Guide. 
Oakland County Schools, Pontiac, Mich. 

Bureau of Elementary and Secondary Education 
(DHEW/OE) , Washington, D.C. 

Oct 69 

OEG-68-05635-0 

226p. ; Revised Edition 



EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



MF-S0.65 HC-$9. 87 

Curriculum; instruction; ♦Instructional Materials; 
Low Ability Students; Mathematics Education; 
♦Measurement; Metric System; Objectives; *Secondary 
School Mathematics; ♦Teaching Guides; Units of Study 
(Subject Fields) 

ESEA Title III 



ABSTRACT 

This guide to accompany "Exploring Linear Measure," 
contains all of the student materials in SE 015 334 plus supplemental 
teacher materials. It includes a listing of terminal objectives, 
necessary equipment and teaching aids, and resource materials. 

Answers are given to all problems and suggestions and activities are 
presented for each section. Related documents are SE 015 334 and SE 
015 336 through SE 015 347. This work was prepared under an ESEA 
Title III contract. (LS) 



filmed from best available copy 



<J s MPAHTMIM Of MI41TM 
t DuCATlOS ,N will HI 




V . ' 

, ■ T", 

EXPLORING 

£3 



LINEAR MEASURE 







TEACHER’S GUIDE 



OAKLAND COUNTY MATHEMATICS PROJECT STAFF 
Dr. Albert P, Shulte, Project Director 

Mr. Terrence G. Coburn, Assistant Director and Project Writer 

Dr. David W. Wells, Project Coordinator 

Mr. Stuart A. Choate, Project Writer 

Mr. Philip L. Cox, Project Writer 

Mr. Daniel L. Herman, Project Writer 

Mr. Robert E. Peterson, Project Writer 

Miss Diane M. Ptak, Project Writer 

Miss Joyce Sweet, Project Writer 

Mrs. Kathleen Danielson, Special Project Writer 

Miss Deborah J. Davis, Secretary 

Mrs. June Luenberger, Secretary 

Mrs. Judy Orr, Secretary 

Miss Lawanda Washington, Secretary 

Miss Linda Tee, Clerk 



2 



o- 

• 1.0 

O'' 

•s-D 

O 

CD 

fcjL-J 



EXPLORING 
LINEAR MEASURE 

OAKLAND COUNTY MATHEMATICS PROJECT 

All units have benefited from the combined 
attention of the entire project staff. The major 
writing responsibility for this unit was handled by 



Philip L. Cox 



Illustrations by Kathleen Danielson 




Oa.kla.zidL Scliools 

2100 Pontiac Lake Road 
Pontiac, Michigan 48054 



REVISED EDITION - OCTOBER, 1969 



This unit was prepared under the auspices of 
V.S.O.E. Grant 68-05635-0, Title III, E.S.E.A. 



ERIC 



3 




BASIC ASSUMPTIONS 

It is assumed that the student has not yet achieved the 
obj ec ti ves listed for this oooklet, altuvugh he :ias been 
exposed to many of the topics. Given a ruler graduated in 
fourths of a unit, we assume the student can measure 
accurately to the nearest r. unit. Also assumed is the 



ability to solve a proportion 



by in 



e cross-product method 



(Lessons 7 and 11 'I . In general, the student will be able 
to do the required computation with rational numbers. 
Practice on computational skills is integrated with the 
text material in some of the lessons (Lessons < > • aiid 9^* 



OBJECTIVES 

A summary of the terminal objectives for the booklet, 
indicating lesson (s'! where each objective is developed, 
follows the TABLE OF CONTENTS • In addition, the Teacher's 
Guide for each lesson lists the objectives for that lesson. 
Although your teaching and class discussions should not be 
limited by these objectives, evaluation of the student's 
progress should be based on the stated objectives for the 
booklet. Use the objectives as a guide to the intent of 
each lesson and discuss them with your students. 



The terminal objectives arc also summarized for the 
student at the beginning of the student booklet. Indicate 
the location and purpose of this list to your students. As 
you discuss the objectives of each lesson v/itn your students, 
refer them to the corresponding terminal objectives at the 
front of their booklet. The student can use the objectives, 
V POINT exercises, and EXERCISES to evaluate his own 
progress . 



OVERVIEW 



The student is asked to function on two levels 
throughout the booklet’. He is to: (l 1 ) exhibit his competence 
in the mechanics of measuring and estimating distances, and 
(2) to analyze data and make generalizations on the nature 
of measurement. 

The main purpose of the booklet is for the student to 
develop and review the mechanics of measuring and estimating 
length. Both skills will be used as tools in future book- 
lets. However, the more abstract concepts of measurement 
should not be neglected. Estimation activities and class 
discussions are given a major role in the unit. 

Allow the student to experiment; to make errors without 
retribution; to develop his own methods of estimation; and to 
freely discuss his problems with both you and his classmates. 

BOOKLET ORGANIZATION 

In achieving these aims, different sections of the 
booklet serve different functions. The role for some of the 
major sections are as follows: 

EXERCISES denotes those problems that are for supervised 
study in the classroom, primarily worked on an individual 
basis. Although it is not anticipated that much homework 
will be given, portions of these problems could be used 
as brief homework assignments. 

CLASS ACTIVITY denotes those problems to be worked on a 
cooperative or team basis. These are not appropriate for 
homework. The role of the teacher is that of a resource 
person to be used only if needed. Allow the students to 
gather data and to discover on their own. 
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DISCUSSION QUESTIONS are an integral part of the 
lessons. They extend and draw together those concepts 
that are inherent in all measurement situations. The 
measurement exercises and ac ivities will he more meaning- 
ful to the student if his results are discussed and com- 
pared with those of his classmates. These questions are to- 
be used for in-class discussions (not homework''. The 
Teacher's Guide for each lesson gives other discussion 
topics relevant to the stEident booklet under the headings 
THINGS TO DISCUSS and CONTENT AND APPROACH . 

The exercises labled VpoiNT in the student booklet 
(pp. 19,36,67, and SS 1 ) are to be used by the student in 
evaluating his own progress. 

The APPENDICES (in Teacher's Guide only'' contain en- 
richment activities which can be explored by individuals 
or groups of students to extend their knowledge of linear 
measure beyond the stated objectives of this booklet. 

In addition to a lesson-by-lesson list of EQUIPMENT 
AND TEACHING AIDS , a summary list is given or. pages x and 
xi of the Teacher’ s Guide . 

Following page xix, the pages appearing on the left con- 
tain student materials. Pages I -89 are reproduced from the 
student booklet. Teacher Guide pages appear on the right and are 
numbered, whenever possible, to correspond with the student pages. 
For example, page T 5 will contain comments pertaining to page 5 
of the student booklet. 
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MEASUREMENT IS APPROXIMATE 

WE CAN NOT HOPE TO ELIMINATE ALL ERRORS 

OUR GOAL IS TO REDUCE THE SIZE AND 
NUMBER OF THESE ERRORS 
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SUMMARY OF TERMINAL OBJECTIVES 



Lesson ( s ) 

? 1 

1,2,3 2, 

3 3 



5,6 

5,6 

5,6 



7. 



8 . 



Given a measurement in caveman units, the student shall 
be able to give an equivalent length in feet and inches. 

Given a list of caveman units, the student shall be . 
able to rank them from shortest to longest. 

Given a distance from 1" to 40, the student shall be 
able to give a reasonable estimate for its length 
(using caveman units or any other convenient estimation 
guides). Estimates will be checked by computing the 
difference between the measured distance and the estimate. 

Given a list of measurements ( 2^ in., S'! in., 6 | in.,...), 

8 

the student shall be able to indicate which is most 
precise. 

Given a list of metric and English units of length, the 
student shall be able to rank them from smallest to 
largest. 

The student shall be able to define the most commonly 
used metric prefixes. 

The student shall be able to state the numerical 
relationships between the basic units within the 
English and the metric system. 

Given a ruler graduated to the nearest in . , ^in., or 
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1_ cm. and an indicated length such as 3*7 in. or 2 
10 

the student shall be. able to indicate the corresponding 
location on the ruler scale. 

* The lesson number(s) indicate the principal development 
of the objective. 
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Lesson (s'* 

9. The student shall he able to measure accurately to the 
nearest 1 inch, ..1 centimeter, and .1 inch 
le 

using any arbitrary point on the ruler scale as the 
"zero point". 

10,11 10 . Given information such as 1 ft. = IS in. and 4 ft. = 

? in., the student shall be able to find the missing 
value. 

5,12 11 . Given a distance to be measured, the student shall be 

able to select a suitable English and a suitable metric 

unit for measuring this distance. 

This booklet emphasizes accurate use of a ruler and 
related measurement, skills. 

However, some computational skills are integrated with 
some of the text material as a review for the student. 
Comoutat ional objectives reviewed in the booklet are listed, 
below. 

Using rulers grad\iatea in subdivisions of an inch 
(1, l, 1, 1, 1^ as a guide, the student shall be able 

2 I 8 10 16 

to answer questions such as . . . 



V 

1 


1. 


If 3 = x , then 


x = 


• 






4 ’ 8 






7,8,9 


2. 


if i + i = y > 


then y _ 


• 






2 8 8 
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3. 


If 3 - 3 = a , 


then a = 


• 






? 16 16 
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4. 


6.5 - 3.7 = 


• 




NOTE: 


Individual lessons 


sometimes 


list objectives other than 




the 


fifteen listed 


here. . In 


most cases, there are sub- 




objectives related 


to on e o f 


these terminal objectives. 
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EQUIPMENT AND TEACHING AIDS 



A. STUDENT I 

*1. film preview guide 



*2. 


discussion questions 


.3- 


y ria 


sking tape 


4. 


100 ft. (or 50 ft. ) 


*5. 


rulers 




a. 


whole inch 




b. 


\ inch 




c . 


\ inch 




d. 


i inch 

8 




e . 


i- inch (2 types ) 




f . 


.1 inch (2 types'^ 




g. 


whole cm. 




h. 


. 1 cm. 




i. 


broken ruler 



(i) .1 cm. 

(ii) 1^ inch 
' 16 

6. yardstick 

7. encyclopedia 

8. dictionary 

9. piece of string 
(about 8 ft. long 1 ) 

10. meter stick 



LESSON 

0 



.3,1.5 



2,3 



5,8 



*-/ O 



2,3,7, 

7,8 

7.8 

7.8.9.13 

7 . 8.13 

5.7.8 

7.8.9.13 

9 

9 

3.13 
4 

4 

13 

13 



. * 



Indicates those materials provided with the booklets. 



B. TEACHER 


LESSON 


i . 


lorran film. Measurement 


0 




and Man 




O ^ 


l6mm projector and 
take-up reel 


0 


Q 

J • 


projection screen 


0 , 1 , 2 , 7 , 8,9 


4. 


overhead projector 


1 , 2 , 7 , 8, 9 


*5 . 


preoared transparencies 


1 , 2,8 


6. 


overlay for checking exercises 


h-» 

V* 

GO 


* 7 . 


acetate rulers 


2 , 7 . 8, 9 




(same precisions as those 
provided for the student^ 




8. 


postal scale 


3 


9 . 


25-30 pennies 


O 

J 


10. 


one quarter 


3 


11 . 


one dollar bill 


J 


12. 


yardstick 


5 


13. 


meter stick 


5 


* 14 . 


acetate T-square overlay 


1,2,8 



v Ir.dicates those materials provided with the booklets. 



NOTE: The Teacher’s Guide for each lesson lists the 

equipment and teaching aids needed for that 
lesson. The asterisk (*' is used throughout 
the booklet to indicate materials provided 
with the booklets. 



RESOURCE MATERIALS 



The history and development of measurement systems is 
fascinating. The student booklet contains interspersed 
anecdotes on this development . While not part of the main- 
stream, they will be of interest to some students. (See 
ORIGIN OF THE MILE - p.30, RULE OF THUMB - p . 12, THE 
GATEWAY ARCH - p.23 , HOW LONG IS AN INCH - p. 28 ,...) 

There are several sources containing additional infor- 
mation for those wishing to explore the development and 
uses in greater depth than the summaries in this booklet. 

Some of these are listed in the following annotated biblio- 
graphy . 

I. HISTORY AND DEVELOPMENT OF MEASUREMENT 

The Amazing Story of Measurement . Lufkin Rule Company, 
Saginaw, Michigan, 48601. 1968. 

This pamphlet uses a comic book format to illustrate 
the history of linear measure. It co\ild be used by an 
entire class or portions thereof, to get a good summary 
of this history. Copies are free upon request to Lufkin 
Rule Company. 

"Approximately Exact", General Motors Corporation, Educational 
Relations Section, Detroit, Michigan, 48202. 1964. 

This four-page article is Number 10 in the Mathematics at 
Work in General Motors series. This series of twelve articles 
is designed as a teaching aid for secondary mathematics teachers. 
Each article describes an application of mathematics to 
General Motors research and development. 
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The article concentrates on the topics of significant 
digits, approximate numbers, absolute error, relative error, 
and percentage of error -- topics not particularly appli- 
cable to this booklet. However, the first part of the article 
contains a concise discussion of the need for differing 
precisions in measurement and the approximate nature of measure- 
ment, topics which are applicable to the development of this 
booklet . 

The Mathematics at Work seri es i.s free upon request to the 
above address. 



Isaac Asimov, Realm of Measure . Hew York: Fawcett World 

Library, 19^7 • 

Beginning with the use of parts of the body as units of 
measure, this paperback book traces the history of measure- 
ment up to the use of complex unit.n. Several types of 
quantities are discussed (capacity, time, area, length, weight,. 
This book is extremely readable and contains several chapters 
related to the material you will use in your classroom. 



Jeanne Bendick, How Much and How Many . New York: 

McGraw - Hill, Inc . , 19^7 . 

This book, although not of recent origin, is extremely 
readable and gives an excellent summary of the basis for 
measurements in many areas (time, medicine, weather, navi- 
gation, clothing, printing, ... ). Also contained is a short 
chapter (10 pages ^ summarizing the function and history of the 
National Bureau of Standards. An excellent book for both 
student and teacher. 



Roger Burlingame, Machines that Built America . New York: 
Signet Books, New American Library, 1953* 

This paperback book gives an account of the machines 
which helped spur the development of our industrial society, 
the men who created them, and the economic climate that 
spurred their production. The dependence of this historical 
development uoon improved methods of measurement is high- 
lighted throughout the book. 
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William H. Glenn, and Donovan A. Johnson, The World of 

Measurement . St. Louis, Missouri: Webster 

Division, McGrav/- Hill, 19ol . 

The booklet is part cf the Exploring Mathematics on 
Your Own series found in most do par t men t 1 ib r a r i e s . The 
book contains a short summary of many different units of 
measure. It contains many questions appropriate for class 
discussion and ideas for class or individual measurement 
projects. 



A History of Measurement . Ford Motor Company, Educational 

Affairs Department, The American Road, Dearborn, 
Michigan, 48121. 

This chart is seen in many classrooms and should be. 

It is an excellent visual aid outlining the history of linear 
measure and should be hung in the classroom prior to and 
during this unit on measurement. The chart is free upon re- 
quest to the above address. 



Measuring Systems and Their History . Ford Motor Company, 

Educational Affairs Department, The American Road, 

Dearborn, Michigan, 48121. October 10o6. 

This 26-page pamphlet published by the engineering 
staff of Ford outlines and traces the history and development 
of measurement systems (length, mass and volume) from the 
early Egyptian and Sumerian Civilizations to the metric 
changeover in England and the study of a similar changeover 
in the United States. Chapter headings are " Civilization 
and Metrology", "Measurement in the Middle Ages", "Evolution 
of the Metric System", "Britain and the Metric System", and 
"Measuring Systems in the United States". A free copy may 
be obtained upon request to the above address. 
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precision - A M easure of Progre ss ♦ General Motors* 

Public Relations Staff, Detroit, Michigan, 43202, 



This namnhlet is 



more technical than most of the 
other selections listed, but contains many sections 
that -would be of interest to both teacher and student 
It is an excellent source for learning about recent 
advances in techniques of measurement and aLso con- 
tains well-written sections on the history of measure- 
ment. Class sots are free upon reepueso to the above 
address . 



Verne Ii . Rockcastle, Manual for Measurement Science . 

Ohaus Scale Corporation, 1050 Commerce Avenue, 
Union, New Jersey, 17083 . 19^5- 

Tli is booklet is written for grades 4 and up. _ It 
contains sections on the meaning of measurement, de- 
velopment of standards, activities with the ruler, 
how to use the vernier caliper and pan balance, and 
a description of l6 experiments which can be done 
with a balance and inexpensive materials. One copy 
is free upon request to the above address. 



The Tools and Rules for Precision Measuring. The 
L. S. Starrett Company, Athol, Massachusetts, 
01331. 19o5. 

This booklet is designed for students in voca- 
tional schools and apprentices in industrial training 
classes. It illustrates the uses of several pre- 
cision measuring instruments and their industrial 
applications. Included are the micrometer, verniei 
caliper, gage blocks, steel tapes, and many other 
miscellaneous gauges. Copies are free upon request 
to the above address. 
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The controversy as to whether or- not 'h 
should make the metric system mandatory is a 
which affects all --'f ns. It is also an Issue 
most nersons are either unknowl edgeaMe or ml 
For example, fev: oersors realize that the met 
seen the only legal system of measurement in 
States since locf . However, at that t ime, it 
made mandatory. 



e united States 
social issue 
a tout vmi'-h 
s i ! : f o rmed . 
ric system has 
' Me United 
s use was not 



Some references ~n the metric system are: 



II. THE METRIC SYSTEM 

Valerie Antoine and John T. Kilek, Bibl loyraphy o £ 
the Metric System^ The Metric Association, Inc.. 

200*1 Ash Street. Waukegan , Illinois, f'00t'5 . 196 B . 

The authors have compiled an extensive bibliography 
of articles and resources (a total of liolil or. the metric 
system and its usage. The cost is .j‘2 . 2h (SI. SO for members'! 
The Metric Association has -'then publications which are 
available at minimal cost to both members and non-members. 
Members receive a ouarterly news letter which describes 
recent trends in metrication and recent sources of infor- 
mation. Information ~n publications and membership can be 
obtained by writing the above address. 



Alden P. Armagnac , "The Hew Push for the Metric System: 

Will You Give no Pounds. Feet, and Inches?” , 

Popular Sc i ence , pp. 20*?, June, 1969. 

The author analyzes the metric changeover controversy. 
Of special interest is tv;o diagrams and a description of a 
recently designed invention which would convert an existing 
machine tool (lathe or milling machine) into a metric one — 
at a small fraction of the cost of replacing it. 

Brief History and Use of The English and Metric Systems of 
Measurement. TIBS Special Publication 30- 1 A. National 
Bureau of Standards, Washington, D.C., 19*38. 

Tn addition to outlining the history and use of the 
English and metric systems of measurement, this short pam- 
phlet (A pages' includes a small (16 "x 10|") wall chart of 
the modern metric system (ST'. This pamphlet is available 
from the Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20^02, for 20 cents. 

Also available is a full-scale wall chart (*?5 ,, x29 w MBS 
Special Publication 30A, for 50 cents. 

Ralph M. Drews and Chauncey D. Leaks, "The Metric System - 
Pro and Con", Popular Mechanics . pp. 133-39? 

December 19^0. 

Both sides of the metric system controversy are ex- 
pressed. Each author outlines the supportive evidence for 
one position. This is an excellent summary of both 
positions . 



Nolan Hudson, "Metric System", Mathematics in Michiga n , 

Michigan Council of Teachers of Mathematics, No. 7 3 : 
pp. 3-5 t January, 1969. 

This article summarizes the reasons for sv.\; tching to 
compulsary use of the metric system and seme cb.-taolos 
hindering a changeover. 



Harland Manchester, "Must America Go Metric?", reader’s 
Digest , pp. 63-70, October, 1968. 

The author discusses recent developments ir. th.e metric 
changeover controversy. A summary of the problems SrJtai.n 
is facing in the process of converting to the metric system 
is included. 



National Council of Teachers of Mathematics, The Metric 

System of Weights and Measures . Twentieth Yearbook. 
New York: Bureau of Publications. Teachers College, 

Columbia University, 19^8. 

Although not of recent origin, this collection 
of 73 articles is probably the most comprehensive source 
of information supporting mandatory use of the metric 
system. Among the topics covered by the articles are the 
history of measurement, use of the metric system in various 
industries, and suggestions for teaching the metric system. 
This book is a must for anyone who is planning to teach 
students the use of the metric system. 



NOTE:' Information on the status of current legislation con- 
cerning the meteric system may be obtained by writing 
U.S. senator or congressman. Senator Robert Griffin 
has been especially active in the area of legislation 
concerning the metric system. 
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OBJECTIVES 

1. To discuss the need for measurement. 

2. To illustrate situations using measurement. 

3. To illustrate the use of several measuring 
instruments . 

'l . To illustrate the variety of units used for 
measurement . 

EQUIPMENT AND TEACHING AIDS 
A. STUDENT 

* 1. Film preview guide 

* 2. Discussion Questions for film 



B. TEACHER 

1. 16 mm film, MEASUREMENT AND MAN 

2. lb mm projector and take-up reel 
3* projection screen 



MEASUREMENT AND MAN 16 mm sd. color ISC-603 $5-90 

b 3: vi IS-603 $4.15 



DeveloDS the importance of measurement in science and in our 
daily lives, points out the vast variety and number of mea- 
surements in use today, and shows the descriptive and com- 
parative nature of measurement. Shows that measurement is a 
very important tool in accurate communication and data record- 
ing. Stresses the importance of precision measurement in 
science and in industry. (Indiana U A-V Center) 

Weights and measures jh sh 

* 

Ditto masters for these sheets are provided with the text. 
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STUDENT COPY 



(This guide is reproduced on a ditto master for distribution 
to students prior to showing the film. ) 



MEASUREMENT AND MAN 



The film you are about to see illustrates several situations 
involving measurement and the use of measuring instruments. The 
measurements which are demonstrated use several different units 
of length. 

Watch and listen carefully. Watch for and think about the 
following items as you view the film. 



THINGS TO WATCH FOR AND THINK ABOUT 



1. The different units of measurement used. 

2. The different measuring instrument." used. 

3. How many of these uses of ‘measurement are you 
familiar with? 

4. How many times do you see measurements being 
used each day? 

5. Compare the units of length used by early civili- 
zations with those used today. How are they 
different? In what ways are they alike? 

6. What is measurement? 
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CONTENT AND APPROACH 



This introductory lesson exposes the student to the diverse 
uses of measurement and measuring instruments. fee discussion ox 
the film and pages 1 and 2 of the text provides an opportunity 
for the teacher and student to discover in what aspects of mo a--- 
sure: vent the students are interested and knowledge able . The stud on 
should discover that measurements of many typos are commonplace 
and familiar to him. 

The discussion questions provided are not meant to bo used 
for supervised study or homework but as a basis for exploring 
the measurement ideas highlighted by the film. Most of these ideas 
ill be treated in greater detail at a later date. Thus., there 
is no need to belabor any one topic. VJhat you discover about 
the student's background in this lesson v;ill help determine 

v;hich parts of this unit will be relatively new material and 
which parts will be a review and extension of previous knowledge. 
Listen to then! 

To acnieve the desired results, prior to showing the film 
give each student a copy of the film preview guide (See page xii.) 
indicating what to observe. If some set-up time is needed., the 
students could use this time to iread the guide. After the film is 
shown and before it is discussed,; allow the students a lew minutes 
to read the DISCUSSION QUESTIONS (See pages xxiv and xxvi .) and jot 
down notes to use in the discussion. 
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This could he done during the time the projection equipment 
is heinff dismantled. The list of discussion questions is 
not exhaustive. Tt is meant as an example of the types of 
questions which nan re initiated by the film. 

The first half of the film illustrates a variety of 
situations using measurement : 1) timing a track meet, ) 

buying shoes, 3) buying slacks, ;j ) baking a cake, 5) Duying 
gas, 6) household carpentry, and 7) similar activities. The 
use of carts of the. body as linear units by early civilisa- 
tions is illustrated. The variability of these units ini- 
tiates an investigation of the need for uniform stand a id 
units to facilitate communication. 

The second oortior of the film concern t ra * es on the need 
for and use of precise measurement by industry. Several 
measuring instruments used by industry are snown in operation 

With the exception of two flaws which may be easily 
overcome, the film does an excellent .job of indicating both 
the nature and uses of measurement. First, the word "exact" 
is sometimes used interchangeably with the word 'precise". 

As a result, the approximate nature of measurement is not 
given its deserved emphasis. Another weakness is the al- 
most exclusive use of the English system of measurement as 
opposed to the metric system. Only once is the use of a 
metric unit mentioned. The role of the metric system in the 
development of measurement and its use in our present 
society should not be neglected. 
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(These questions are reproduced on a ditto master for distri- 
bution to students following the film.) 

DISCUSSION GUIDE 
FOR 

MEASUREMENT AND MAN 




DISCUSSION QUESTIONS 

1 . The time for the race shown at the beginning of the film was 
21.9 seconds. What was the probable distance of this race? 

2. Name some of the units of measure used in the film. 

3 . Name some of the measuring instruments used in the film. 

Jj-. What units of length could be used instead of the feet, inches, 
and parts of the body mentioned in the film? 

5. The film illustrated several precise measurements, using very 
small units of measure. How many of these were exact mea- 
surements? 

6 . One part of the film showed a scientist taking several dif- 
ferent measurements (of time) for the same experiment instead 
of relying on one measurement. Why measure more than once? 

Is measuring more than once just a waste of time? 

7. The film stated that measurement is done by comparison. What 
is the meaning of this statement? 

8 . The film concluded with the observation that "Wherever man is, 
there will be measurement." Do you agree with this statement? 
Why or why not? 
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ANSWERS 



foot 

yard 

inch 

second 

minute 

cubit — — — 

span 

hand 
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thumb -width 
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device to measure length of clot 



4. This question may be vague. The intent is to mention the 
metric system. 



none 
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9. Measurement was described as the "language of accurate descrip- 
tion." Why. might this be a good definition for measurement? 

10. Even though we have standard uni ts of measure, we still use 
many non-standardized units. The film mentioned two such 
units - "as long as my arm", and "as tall as I am". Can you 
name other similar units or expressions that are still used 
today? In what kinds of situations are such units used? 

11. Why are uniform units so important? Could we operate our 
present society without uniform standards? 
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6. The reason for more than one measurement is based on the 
approximate nature of measurement and the desire to reduce 
the chance of error. Some similar activities are: 

a. Judging of diving and skating events is done by 
several .judges. The highest and lowest scores are 
dropped and the average of the remaining scores 

is multiplied by the degree of difficulty to obtain 
the contestant's score for that dive or figure. 

b. Track events (those not electronically timed) are 
usually timed by more than one person to reduce 
the chances for error. 

7. Answers will vary. 

8. Ansv/ers will vary. 

9. Answers will vary. 

10. Some other possibilities are: 

a. A pinch or dash of salt. 

b. I v/ouldn't trust him as far as 1 could throw him . 

c. A stone's throw. 

d. I live about ten mi nutes from town (using time 
approximations to measure distance). 

Non-standardized units such as these are usually used in 
everyday conversation and situations where precision is 
not required, only a good estimate or visual image. 

11. Answers will vary to the first question. The answer to the 
second question is obviously no. 



STUDENT BOOKLET 

AND 

TEACHING SUGGESTIONS 




WHY MEASURE LENGTH? 

Hardly an hour goes by that you do not think about or 
perform some measurement.. Measuring instruments are common- 
place items. (Yardsticks, tape measures, speedometers, ther 
mometers, clocks...) 

This unit will concentrate upon the measuring of length. 
Illustrated below are some situations involving length. 




WHY MEASURE LENGTH? 



(These or similar questions may be reproduced on a ditto 
master for distribution ‘o students if pare 1. of the text 
is discussed.) 

DISCUSSION QUESTIONS 



1. What measurements are associated with each of the follow- 
ing activities? 



a. doing your homework 

b. pouring a cement sidewalk 

c. making a dress 

d. baking a cake 

e. dieting 

2. Name a unit of measure v/hicu could be used to measure 
each of the following. 



a. temperature 

b. amount of gasoline used 

c. amount of electricity used 

d. distance from Detroit to Chicago 

3- Different types of measurement are used in different 
settings. What measuring devices and units of measure 
are commonly used in the following locations? 

a. service station 

b. kitchen 

c. gymnasium 

d. airport 

e. clothing store 

f. drag strip 

A class discussion concerning page 1 of the text is an 
optional activity. The above list of discussion questions 
illustrates the types of questions which could be used. 

A discussion of page 1 could be combined with the discussion 
of the film. Measurement and Man. 



MEASUREMENT IS APPROXIMATE. 

WE CAN NOT HOPE TO ELIMINATE ALL ERRORS 
OUR GOAL IS TO REDUCE THE SIZE AND 
NUMBER OF THESE ERRORS. 



The statement on page 2 indicates part of the 
and spirit with which this booklet should be taught 
hoped that at the end of the booklet^ the student w 
lize (1) that measurement is approximate and (2) 
through precise measurement a better approximation 
actual length is obtained. 
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LESSON 1 



THE WALKING YARDSTICK 

OUR WORLD OF MEASUREMENT ... 

Man has always measured objects around him. The illu- 
strations on page 1 indicate some uses of measurement. You 
are familiar with most of these. 

SINCE TIME BEGAN . . 

Some situations require accurate measurements. The 
caveman did not need accuracy. Any cave would do if it would 
hold him and his family. Distances were judged by sight or 
time and sizes were measured by paces or by matching the 
objects to be measured with stones, trees, and other objects 
familiar to him. 




LESSON 1 
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THE WALKING YARDSTICK 



OBJECTIVES 

1 . Using parts cf the body as units of length, (referred 

' to as caveman units) the student shall measure distances 
in the classroom and vicinity to... 

a. demonstrate his ability to measure to the nearest 
unit and j unit. 

b. demonstrate his knowledge of the definitions for 
the caveman units listed in the text. 

c. illustrate the variability of the caveman units 
(to be highlighted in the DISCUSSION QUESTIONS 

2. Given a drawing of a unit of length (caveman. English, 
metric, or any arbitrary unit), the student shall be 
able to give a reasonable estimate of the location of a 
line which will divide the unit of length into two equal 
parts . 



EQUIPMENT AND TEACHING AIDS 
TEACHER 

1 . Overhead projector 

2. Projection screen 

* 3 . Prepared transparencies 

*4. Overlay (for checking CLASS ACTIVITY I , pp. 7-8) 

CONTENT AND APPROACH 

Units of length used by early man are investigated for 
their historical value, their relation ship to our present 
units (Lesson 2), and their value as ' guides for estimating 
distances (Lesson 3). The use of these early units and an 
investigation of their properties illustrates some of the 
basic properties of all measurement systems and units of 
measure (their approximate nature, the arbitrariness of 
units, the process of measuring length). 

The diagrams (pages 3 _i +) and list (page 4) define the 
caveman units to be used in this booklet. 



THE BODY BECOMES A YARDSTICK. . . 



Many of the units of length used by the caveman were 
based on parts of the body. The human body actually served 
as a walking yardstick! Except as a guide in estimation, 
these early units are no longer widely used. However, some 
of our present-day units are related to them. 

The following list describes some units of length re- 
lated to parts of the body. (See sketches on the previous 
page and at the bottom of this page.) 



a. 


Width of THUMB 




b. 


Distance from first .ioint to end of FOREFINGER 




c. 


HAND - width of hand 




d. 


SPAN - distance from end of the thumb to end of 
little finger when the hand is fully stretched 
out 




Q 

v • 


CUBIT - length of forearm (from tip of elbow to 
tip of the middle finger of the outstretched arm) 


f . 


Length of FOOT 




g- 


Distance from nose to thumb of outstretched arm 


(ARM) 


h. 


Distance across outstretched arms (FATHOM) 




i. 


PACE - length oi one double -step 






CONTENT AND APPROACH 



As your students work through the exerciser 
1-3. they mould develop immediate recall of the 
listed on page 4 . ' These units of length will be 
out the booklet, especially in Lessons 1-3 and as 



of Lessons 
definitions 
used through- 
guide s for 



e s t i mat i ng le ngt h s . 



Use the diagrams on pages 3 and 4 as aids in visualizing 
the definitions. for the units. The forefinger is not illu- 
strated on either page 3 or 4 due to a lack of space. The 
forefinger is illustrated on page 8. It is defined as the 
distance from the first .joint to the end of the forefinger 
(See sketch below). 




FOREFINGER 



o 

ERIC 
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MEASURING LENGTH 



Given a distance to be measured... 

(1) Select some length to use as a unit of length . 

(2) " Mark- off " the distance being measured in unit 
lengths . 

(3) Count the number of unit lengths it takes to "fill 
up" the distance being measured. 



EXAMPLE 1: 

Measure the length of TB (read "segment AB" to the 
nearest whole unit. 



Al- 



HB 



SOLUTION : 

(1) SELECT SOME LENGTH TO USE AS A UNIT OF LENGTH. 



Cl ID 

at/e vAf/f 



Suppose CB is selected 
as the unit of length. 



(2) "MARK OFF" THE DISTANCE BEING MEASURED IN UNIT 

U5NGTHS . | 4 1 1 1 1 1 1 

A I : -IB 

(3) COUNT THE NUMBER OF UNIT LENGTHS IT TAKES TO 
"FILL UP" THE DISTANCE BEING MEASURED. 



It takes more than 8 and less than 9 units to 
"fill up" the length of TS. This is written... 

8 units < m(AB) < 9 units. 

£m(AB) is read "the measure of segment AB"7| 

The length of AB is closer to 8 units than 9 units. 
When measured to the nearest whole unit,... 

m(AB) is 8 units long. 
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CONTENT AND APPROACH 



The CLASS ACTIVITY (pages 7-10) requires the student 

to . . . 

(1) estimate the location of a line which will 

divide a gi 1 n unit of length into two equal 
parts,, and... 



(2) use the caveman units listed on page 4 to mea- 
sure to the nearest whole and ;?• unit. 



The sample solutions on pages h-7 and use of the trans- 
parencies will illustrate the skills needed for successful 

completion of the CLASSACTIVITY . 



Page 5 summarizes the process of measuring length. Some 
discussion questions which could be used witi this page are; 

1. Could a unit of length other than CD have been used? 

2. (a) If your answer to question #1 is yes, what 
effect would using a different unit have upon the 
length of the segment? the number used to express 
the length? (No effect on the length but it usually 
causes a change in the number used to express the 
length. This is an important distinction but should 
not be belabored at this stage.) 

(b) Would some units of length be "more suitable" 
than others to measure the length of AB? (This 
concept will be developed in Lesson 12.) 

3. Suppose the "marking off" of unit lengths was begun 
at B instead of A. Would this have any effect on 
the measure of the segment? 



r- 

o 




EXAMPLE 2: Measure AB and CD 

to the nearest hand. 





5 hands < m(AB) < 6 hands. 

To the nearest hand, m(AB) = 6 hands. 



4 hands < m(CD) < 5 hands. 

To the nearest hand, < m(CD) = 4 hands. 




i 
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CONTENT AND APPROACH 



T 6 



Use the sample solutions on pages 6 and 7 and the first 
four transparencies to review the process of measuring to 
the nearest whole and \ unit. 

TR 1-1 through TR l-’l 

Ask the students to give the measure of each segment... 

1) to the nearest unit. 

2) to the nearest unit. 

Discussion questions which could be used are: 

1) What difficulties arise v/’nen measuring to the 
nearest \ unit? What could be done to help 
remedy these difficulties? 

2) Describe how you would construct a "cubit ruler" 
("hand ruler" or "foot ruler"). 
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EXAMPLE 3: Measure OX and RT to the nearest ^ unit. 

* 



Q, 






a 



I- 

o 

% 



* 



ONE UNIT 

'X 



& 






B 



■IX 



■IT 



SOLUTIONS : 



For m ( OX ) 

u c 

— units < m(OX) < — units. 

2 2 

tz 

m(OX) is closer to ^ units. 

To the nearest ^ unit,... 

m(OX) = — or 2 i units. 

CLASS activity: PART 1 

1. For each caveman unit of 



For m(RT) 

C ^ 

— units < in(RT) < — units. 

2 2 

c 

m(RT) is closer to units. 

To the nearest 4 unit, . . . 

m(RT) = ^ or 3 units. 

length pictured on page 8, 



draw a vertical line which you think divides the unit in 



half. The line for the cubit has been drawn as an 
example . 



CONTENT AND APPROACH 



T 7 



The sample solutions on page 7 use \ unit as the unit 
or length. If needed, provide drill on and explanation of 
the process in changing improper fractions to mixed numbers 
and vice-versa. (See TR 1-5- ) Some strategies are outlined 
below and on the following page. 

V 

Strategy I 



7 _ H , 3 
4 " 4 4 



•5 3 

= 1 + — = 1 — 

4 1 4 



3 _ 

4 ~ 



21 

8 



8 

8 



2 . 

4 

8 

8 



2-g- = 1 + 1 + 

o 



4 3 


7 




4 4" 


4 




= 1 + 


1 + \ = 


2+|* = 


8 


8 


8 


5 8 , 


8 5 


21 


8 ~ 8 " 


8 8 


8 



5 

8 



Strategy II 

3 i 

13 _ ? M13 13=3 — 

4 12 4 4 

1 

Divide the number of fourths, (13) by the number of 
fourths in one whole (4). The quotient (3) is the number of 
wholes, the remainder(l) is the number of fourths "left over". 



3 1 = (3 x 4) + 1 = 12+1 = 13 
4 4 4 4 



To obtain the number of fourths, multiply the number of 
wholes (3) by the number of fourths in one whole (4) and 
add the number of fourths indicated by the numerator of 
the fraction (1). 



Use TR 1-6 prior to CLASS ACTIVITY (Parti). When 
using an arbitrary unit to measure to the nearest \ unit, 
a person must be able to locate the midpoint of the unit being 
used. After the students have made their guesses, the acetate 
overlay can be used to check the accuracy of the guesses. 



O 



8 



Line indicating 
one-half cubit. 




FATHOM 





FOREFINGER 




THUMB 



HAND 



FOOT 



2. Check your estimates . You will be given an acetate 
overlay for this purpose. How close were you? 



CONTENT AND APPROACH 



Each student should be responsible fox' making his 
her own estimates for CLASS ACTIVITY (Part I). This is 
designed to be used as a team activity. 

Acetate overlays are provided so the students can 
their estimates. Remember that there are no incorrect 
mates — although some are better than others. You may 



or 

not 

check 

esti- 

wish 



to have an estimation contest to see who can make the best 
estimates . 
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CLASS ACTIVITY : Part II 

1. (a) Select six distances in the classroom or vicinity, 
to be measured. (example: width of locker, length 
of room, height of desk, . . . ) 

(b) Choose a unit of length from the list on page 4 and 
measure each distance to the nearest unit and -jj unit. 
(This will require some estimating. ) 

(c) Record your results in TABLE 1-1. 

TABLE 1-1. 



DISTANCE MEASURED 


UNIT OF LENGTH USED 


LENGTH TO 


NEAREST. . 


UNIT 


i UNIT 



































































2. (a) Select one of the six distances from 1 (a). 

(h) Measure this distance to the nearest \ unit, using 
two units of length other than the one you used 
to get the measurement recorded in TABLE 1-1. 

(c) Record your results on the last two lines of TABLE 
1 - 1 . 



DISCUSSION QUESTIONS 



1. Compare your results in TABLE 1-1 with those of your 
classmates. Are they the same? Why or why not? 
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CONTENT AND APPROACH 



T 9 



The CLASS ACTIVITY (Part II) should be worked by tea:. -a 
of 3-4 students so that they can help each other "mark off" 
the distances and obtain the required measurements. Although 
the team members help each other, each person is responsible ■ 
for recording only those measurements obtained by using his 
or her ov/n caveman unit (span, hand,...). 

Before the teams begin working, one distance should be 
measured, following the instructions 1(a) — 1(c) and illu- 
strating how TABLE l-l is to be completed. Some students 
may wish to volunteer for such a demonstration. Emphasize 
the instructions for exercise 2. 

Whether or not to give the teams some freedom in select- 
ing the six distances is optional. To aid in the discussion 
of results, some distances should be selected for all students 
to measure. You may wish to provide a limited list (8 or 9) 
of distances to choose from or a combination of mandatory and 
student-selected distances to be measured. 

The results of TABLE l-l will vary from person to person 
due to the variability of the caveman units. 



THINGS TO DISCUSS 

The DISCUSSION QUESTIONS i (pages 9-10) outline topics 
for discussion related to Lesson 1 and in particular to the 
results of the CLASS ACTIVITY (Part 11). 

Questions 1-3 in the DISCUSSION QUESTIONS i demonstrate 
the variability of the caveman units. Of course, the choice 
of a unit is completely arbitrary. There is nothing in- 
correct about units being variable in length. The reason 
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2. Two persons measured the width of a desk to the nearest 
whole unit. One measured the width to be 6 hands, while 
the second person measured the same distance as 7 hands. 
Does this mean that one of the persons is incorrect? 

Why or why not? 

3. If you need 30 cubits of rope and you send a friend to 
get it, will you probably get the length you wanted? 

Why or why not? 

4. Suppose you measured the length of your classroom. 

Which unit of length, fathom or cubit, will give you 
the larger number for the length? 

5. If one unit of length is longer than a second unit and 
you measure the same distance using both units, which 
unit gives the larger number? (See CLASS ACTIVITY; 

Part II, and question 4 on this page) . 

6. Describe the measurement involved when a football offi- 
cial "marks off" a 15 yard penalty. 

WHERE DID IT COME FROM? 

FATHOM : Dating at least as 
far as early Egyptian times, 
the fathom was the measure of 
a man's outstretched arms: 

5, and now 6 feet in length. 




T 



for uniform units of length is to prevent chaos 
cation with others, not because it is inherently 
use units of variable length. 



In o cummin i- 
wrong to 



For Question 4, one advantage would be their avail- 
ability. The variability of length is probably the major 
disadvantage. 

Question 5 illustrates the effect of the unit on the 
measure. A discussion of what units are appropriate to mea- 
sure a given distance would be relevant to this question. 

Question 6 illustrates a common situation in which a 
distance is "marked off" using a unit related to the cave- 
man units. A related question for the football fans in your 
class would be "What is used to measure the 10 yard distances 
which the offense needs to gain in 4 downs to keep possession 
of the ball?". Which is more accurate, the "marking off" of 
penalties or the measuring for first down yardage? 

A possible discussion question related to the fathom is 
"What possible reasons could be given for the fathom in- 
creasing in length?" (On the average, men have grown larger 
over the years). 

As a class activity, the class could write an article 
describing various distances and dimensions of the school 
(width of corridor, locker...) in caveman units for publi- 
cation in a school newspaper or placement on bulletin boards. 

A display of linear measuring instruments could also 
be collected and set up in the room, asking the students to 
bring in items for the display. 



LESSON 2 



LET’S COMPARE 



Many daily uses of measurement require only an estimate. 
Using parts of the body as units of measure (span, cubit,...) 
will never replace the foot, inch, meter, and centimeter. 
However, if caught without a ruler or if only an accurate 
estimate is required, the caveman units used in Lesson 1 
should be precise enough to handle many household and shop 
situations. 

One approach to obtaining an accurate estimate to the 
width of your text is described below. 

EXAMPLE: Estimate the width of your text. 

SOLUTION : 

1. Select a unit of length. Suppose we use the thumb 
(which is about 1 inch wide). 

2. Use this unit (thumb width) to "step off" the de- 
sired length. 





3. In this example, the text is about 9 thumbs wide. Since 
a thumb is about 1 inch wide, your estimate would be 9 
inches . 



LESSON 2 



T 11 



LET’S COMPARE 



OBJECTIVES 

1. Each student shall determine the length of his own cubit, 
span, hand,... to the nearest \ inch, obtaining equiv- 
alents in feet and inches for his caveman units. 

2. Given a measurement in caveman units, the student shall 

be able to give an equivalent length in feet and inches. 
(Example: 2 hands=? inches) 

EQUIPMENT AND TEACHING AIDS 

A. STUDENT 

1. Masting tape. /F 9 r, Standard- 

2. 100 ft. or 50 ft. tape measures. Pace 

*3« Ruler (-| inch with equal length markings). 

B. TEACHER 

1. Overhead projector. 

2. Projection screen. 

*3. Prepared transparencies. 

*4. Acetate ruler inch with equal length markings). 

CONTENT AND APPROACH 

The student is not asked to work problems such as the one 
illustrated on page 11 until Lesson 3. This example is in- 
cluded to indicate the usefulness of caveman units as guides 
for estimating length. Lesson 2 enables the student to 
obtain equivalents in feet and inches for his own caveman 
units so that he can use them as estimation guides. (Lesson 
1 concentrated on measuring distances in caveman units.) 
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DISCUSSION QUESTIONS 

1. In the example on page 11, what other caveman units 
could have been used instead of the thumb to obtain 
an accurate estimate for the width of the text? 

2. Would the cubit have been a suitable unit of length 
to use in the example on page il? Why or why not? 

DEVELOP YOUR OWN METHODS ... 

Being able to estimate accurately is an important skill 
with many useful applications. You should develop your own 
methods of estimating distances. There is no one right way 
to estimate . 

Lessons 2 and 3 use caveman units as guides for estimating 
distances. Other estimation guides could be used but cave- 
man units are among the most convenient ones to use. 



RULE OF THUMB.. . 

This expression means a reliable 
rule for rough calculations (or 
estimations ) . It refers to the 
fact that people once used the 
first joint of the thumb as a one- 
ir.ch measure. 




j 
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THINGS TO DISCUSS 



The DISCUSSION QUESTIONS stress the need for a unit of 
length not only to be a length, but also'* suitable" for the 
distance under consideration. Selecting a unit "suitable" 
for a given distance will be discussed in more detail in 
Lesson 12, pp. 76-80. 

CONTENT AND APPROACH 

The statements under DEVELOP YOUR OWN METHODS are essen- 
tial to the spirit in which Lessons 1-3 are taught. Do not 
limit the student to the methods illustrated in the text. 

There is no one right way to estimate , and the student 
should be encouraged to develop his own methods of estimation. 
Caveman units are used to estimate lengths because of their 
convenience (we always carry them with us) and their signi- 
ficance in the historical development of linear measure. 

Items for discussion at a later date (questions 2-4, p.l6) 
are other lengths that could be used as estimation guides 
and the properties of a "good" estimation guide. 



CLASS ACTIVITY I 

With the aid of a partner, obtain these measurements 
for yourself to the nearest \ inch. Record your results 
in TABLE 2-1. 



TABLE 2-1 



DESCRIPTION OF UNIT 


LENGTH TO 
NEAREST i INCH 


a) 


Width of THUMB 




*) 


Distance from first joint 
to end of FOREFINGER 




c) 


HAND 




d) 


SPAN 




e ) 


CUBIT 




f ) 


Length of FOOT 




S) 


Distance from nose to .thumb 
or outstretched arms (ARM) 




h) 


Distance across 
outstretched arms (FATHOM) 




i L 


PACE 





COMPAR ING SIZES. . . 



Compare your measurements in TABLE 2-1 with those of 
your classmates. Are they the same? Why or why not? 

Complete TABLE 2-2. Use the longest and shortest 
lengths in your class for the units listed. 



TABLE 2-2 



UNIT 


LONGEST j 

LENGTH 


j SHORTEST 
LENGTH 


DIFFERENCE 


Width 
of thumb 








Hand 








Span 








Cubit 








Pace 









i: 

j. 



m 
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CONTENT AND APPROACH 

To obtain foot and inch equivalents for his caveman units 
( TABLE 2*1 ), the student must measure to the nearest inch, 
if the review is needed, the overhead transparencies may be 
used to review the meaning of "measuring, to the nearest < 
inch" . 

The rulers on the transparencies are marked like the j> 
inch rulers provided for the students (although different 
units of length are used ) . 

Ask the student to give the measure of each segment... 

1) to the nearest unit. 

2) to the nearest \ unit. 

A 100 foot or 50 foot tape measure is useful for 
standardizing the pace and measuring some of the longer cave- 
man units. Most tape measures are graduated to the nearest 
£ inch. You may need to indicate which markings indicate 
halves before gathering the data for TABLE 2-1 . 

To obtain the data for TABLE 2-1 , each student will need 
the aid of a partner. You may wish to divide the class 
into teams of 3-^ students each. 

Due to the variability of one's own pace when walking, 
it is difficult to get an accurate measurement of the pace 
by measuring the distance covered by only one pace. One 
method which could be used is described below. 

To standardize your pace, walk a convenient number 
of paces (10, 20, 30 ,...) and measure this distance 
(to the nearest inch). To get the average length 
of one pace, divide by the number of paces. 

The problem of accurately measuring the pace could be 
brought out as a topic for discussion, allowing students an 
opportunity to develop a procedure similar to the one above 
on their own. 

TABLE 2-2 should be done with the entire class after the 
teams complete TABLE 2-1 . The data in TABLE 2-2 wil1 demon- 
strate the variability of caveman units. 



KLC 
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EXERCISES 



1. Using your own measurements, (see TABLE 2-1 ) complete 
the following relationships between the "caveman units" 
and our present units of length. (a: is read "approxi- 
mately the same as.") 



a. 1 thumb = 


in. 


d. 


1 CUbit a: 


in. - 


b. 1 span as 


in. 


e. 


1 pace ~ 


in. — 


c. 1 hand a: 


in. 


f . 


1 fathom ~ 


ft. 






g. 


1 arm a: 


ft. 


Given the following, lengths. 


convert them to 


feet and 


inches . 










a. 7 forefingers 


- in. 


e. 


10 paces ~ 


ft. 


b. 2\ spans 


in. 


f . 


2-§ hands = 


in. 


c. 4 hands ~ 


in. 


g. 


3? thumbs a; 


in. 


d. 2 cubits ~ 


ft. 


h. 


T. cubit ^ 


in. 




CHECK YOUR RESULTS FOR EXERCISES 1 AND 2 
BEFORE GOING TO THE DISCUSSION QUESTIONS 

DISCUSSION QUESTIONS 

1. Which of the units in TABLE 2-1 could you use as an 
approximation for an inch? a foot? a yard? 

2. Will the answers to question 1 be the same for all 
students in the class? Why or why not? 

3. Which of the units in TABLE 2-1 would be convenient 
for you to use as a guide for estimating distance? 
Why? 

4. Will the answer to question 3 be the same for all 
students in the class? Why or why not? 
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ANSWERS 

EXERCISES 



Use the following results as a guide. Results rnay vary 
among members of the class. 



] . a . ] thumb ^1 in. 


d. 


1 cubit ~ 19 in. ~ 


li ft. 


b. 1 span =b 8 in. 


e . 


1 pace ssbO in. =^- { j_ 


ft. 


c . 1 hand ~ 4 in . 


f . 


1 fathom =6 ft. 






g. 


1 a rm =r 3. ft. 




2. a. 7 forefingers =7_ in 


. e. 


10 paces = 2.0 ft. 




b. 2 -| spans =20^ in. 


f . 


2-| hands =10 in. 




c . 4 hands = 16 in . 


g- 


3i thumbs ^3i in. 




d. 2 cubits ft . 


h. 


\ cubit ~ 9'2 in. 




The answers to exercise 


s 1 and 


2 of the EXERCISES , 


are 


meant to be approximations 


to the 


\ unit . Which would 


be 


useful as a guide for estimation? 


Some of the data in 


exercise 1 could be used to 


discus 


s the properties of 


a good 



estimation guide (easy to remember, easy to compute with,...). 
For example, if the result for #ld was 1 cubit =17i inches *= 

1-| feet, which v;ould be most convenient to use? (In most 
cases, 1-| feet would be the most convenient equivalent.) 

This discussion could be delayed until discussion question 4 
( Lesson 3, p. l6)concerhing properties of a good estimate. 

The given data in exercise 2 could be interpreted as 
information gathered to obtain an estimate. For example, 
if the distance is about 7 forefingers long, an estimate for 
its length would be how many inches? 

DISCUSSION QUESTIONS 

Differing human measurements will- cause a variety of 
answers. In general, the convenience of a particular unit 
for estimating v/ill be related to its ease in computation. 
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LESSON 3 
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EDUCATED GUESSING 

CLASS ACTIVITY 1 

Follow the instructions below. Record all results in TABLE 3"1. 

1. Select six distances to be measured. List the distances 
under DISTANCE MEASURED. 

2. Measure each distance to the nearest j=j- unit with some 
caveman unit and record your results under MEASURED LENGTH 
(caveman units). 

3. Convert the measurements in# 2 to their equivalents in 
feet and inches. Record these results under ESTIMATE (feet 
and inches ) . 

# 

4. Check your estimates by using a ruler , tape measure, or 
yardstick to measure each of these six distances to the near- 
est h inch. Record these measurements under MEASURED LENGTH 
(nearo-t inch). 

5. See how close your estimate is to the measured distance 
by finding the difference between the measured and estimated 
distances. Record the differences under DIFFERENCE. 



TABLE 3-1 



DISTANCE 

MEASURED 


MEASURED 
LENGTH 
[caveman \ 
\ units / 


ESTIMATE 

/ feet \ 
( and 1 
Nineties/ 


MEASURED 

LENGTH 

(nearest^ 

inch/ 


DIFFERENCE 































































OBJECTIVES 



1. Given a distance from 1" to 40', the student shall use 
caveman units to estimate its length. Estimates will 
be checked by computing the difference between the mea- 
sured listance and the estimate. 



2. Given a description of a distance such as ... 

3 paces < Length A < A paces. 

To the nearest whole pace, m( Length A) = 4 paces 

. . . the student shall give an estimate of a distance 
with these properties by indicating the endpoints of their 
estimate with two pieces of tape on a flat surface. Esti- 
mates will be checked by measuring with the given caveman 
unit. 



EQUIPMENT AND TEACHING AIDS 


A. STUDENT 


*1. 


Rulers graduated 


■ 2. 


100 ft. or 50 ft 


o 

J • 


Yardstick (1 for* 


4. 


Masking tape. 


B. TEACHER 


1. 


Postal scale 


2. 


25-30 pennies 


3. 


1 quarter 


4. 


1 dollar bill 



in i inches. 

tape measure (2 or 3 per class), 
each 3-4 students). 



CLASS A CTIVITY I can be worked by teams of 3-4 
students. Students should practice making conjectures and 
estimates. Therefore, do not consider any estimates as in- 
correct (although some come close). An indication of the 
accuracy of the estimates can be given by comparing the dif- 
ferences between the estimate and measured length. ANSWERS 
for TABLE 3- 1 will vary. 

If all students are given the same distances to measure 
for TABLE 3-1 , a team or individual competition could be 
used to see who is the best estimator. 



DISCUSSION QUESTIONS 



1. What disadvantages would occur if parts of the body were 
used as units of length and as measuring instruments instead 
of our present units and rulers? What advantages? 

2. The following statement was made on page 12. "Other es- 
timation guides could be used but caveman units are among the 
most convenient ones to use." Do you agree with this state- 
ment? Why or why not? 

3. What are some other lengths which could be used as guides 
for estimating distances? 

4. To be useful, what properties must a "good" estimation 
guide have? 

CLASS ACTIVITY II 

1. Estimate by sight (without "marking off") distances with 
the following properties. Indicate the endpoints of each 
estimate by placing two pieces of tape that distance apart on 
a flat surface (desk, floor,...). 

2. Check each of your guesses b^r measuring with the given 
caveman unit . 

a. 3 cubits < Length A<4 cubits 
bo the nearest whole cubit, 

m( Length A) = 3 cubits. 

b. 6 paces < Length B< 7 paces 
to the nearest whole pace, 

m(Length B) = 7 paces. 



CONTENT AND APPROACH 




QUESTIONS 



DISCUSSION 
CLASS ACTIVITY I 



DISCUSSION QUESTIONS 
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CLASS ACTIVITY H 

I "!J L l '.'.0 t ' .) i 'jl't L ; V.l H •• 

t; \ ; v i er: fcs 'prl' j . .-A/.niui : 

' : i ? t L . . ' ivy li'.C !J V Ll iC ' . 







c . 2 spans < length C < 3 spans . 

To the nearest whole span, 

m( Length C)=3 spans. 

d. 6 thumbs < Length D<7 thumbs. 
To the nearest whole thumb, 

m( Length D) =6 thumbs. 



DO YOU AGREE? 

One writer has stated that "with a little prac- 
tice you should be able to measure from a half- inch 
to 8 inches with just your hand--and come tc within 
a sixteenth of an inch every time." 

Mechanix Illustrated , September 1963, p.:?6. 



MORE EDUCATED GUESSING . . . 

Your answers to the. following questions should be educated 
guesses. Do not do any computation. For each multiple-choice 
question, you are to select the answer that you believe to be 
the best estimate. 

1. What is the length in inches of the diameter of a quarter? 

a) in. b) 1 in. c) 1 i in. d) ^ in. e) 1 | in. 

2. The length of a dollar bill is about: 



a) 6 in. 



b) 7 in. 



c) 8 in. 



d) 9 in. 



e) 10 in. 




T 17- 



MORE EDUCATED GUESSING contains a variety of esti- 
mation activities. Check the results by measurement, after 
each student has made his guess. A discussion of the results 
could fccus on the various approaches which were used to 
obtain the estimates in question. In the last 4 questions, 
discuss the relationship between questions 1 and 2 and the 
relationship between questions 3 and 4 . This section is 
optional . 




ERJC 



ANSWERS 



1. 1 inch 

2 . 6 inches 



62 



3. The length of a full-sized axitomobile is about: 

a) 12 ft. b) 18 ft. c) 25 ft. d) 10 ft. e) 30 ft. 

4. The length of this text book is about: 

a) 6 1 in. b) 8 1 in. c) 11 in. d) 15 in. e) 1 ft. 

2 2 

After completing your educated guessing, try to find 
answers to the above questions. Careful measurement will 
enable you to determine the best estimate for each situation. 

Now try these . 

1* About how many pennies in an ounce? 

2. Approximately how many pennies in a pound of pennies? 
a) 60 b) 120 c) 180 d) 240 e) 300 

3. About how many pennies (stacked on top of each other) to 
make a stack one inch high? one foot high? 

4. About how many pennies would have to be stacked one on 
top of the other to reach from the floor to the ceiling 
of a room eight feet high? 

a) 600 b) 800 c) 1100 d) 1600 e) 2200 

KEEP IN PRACTICE ... 

The ability to make reasonable estimates is not a skill 
which can be developed in a couple of lessons. Keep in prac- 
tice by estimating whenever possible. If you can make rea- 
sonable estimates, you will be able to check the reasonableness 
of any measuring you do. 



ANSWERS 



'1 * r'iO. ‘ 



1. .10 ] jennies 

(us inf 10 per > uiu-; 

;• I:' ( using 1 (■ p'-r in -hi 
h . 1600; ( Us inf, lo per Inch. tne an. ‘.wet 



The statements under KEEP IN PRACTICE indicate the 
spirit in which much of the material in this hoc I.-, el is pr f - 
sen tea . Many of the EXERCISES contain problems in which the 
student is required to estimate lengths. If a student is 
expected to develop an ability to make reasonable estimates, 
a brief or one-time exposure is not enough. Ask your stu- 



dents to estimate whenever appropriate. 
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V POINT 

Use the following questions and problems to check your 
understanding of Lessons 1-3 • If you have difficulty with 
any question, it may indicate a topic you should review. 



Use the ruler shown to measure each segment to the nearest 
a) unit, and b) \ unit. 

AHB 



C 

E 



+ 





1 


i 






1 

-4-^ 


i 





i i !i | r 

i i I 



1 

2 



+ 



4- 



*AB (a) 


00 


CD (a) 


' _00_ 


EF (a) 


00. 


1 | ^ 


Tt 


5 


i j 



For each measurement in caveman units, give an equivalent 
length in feet and inches. 



r. . 2 spans 

b. 3 paces 



c . 1^ hands 

d . 5 thumbs 



e. 2 cubits 

f . 3 arms 



3. Arrange the following units in order of length from 

smallest to largest. (Indicate the smallest by 1, next 
smaller by 2, . . . ) 



hand 


span 


fathom 


pace 


forefinger ' 


arm 


foot 


cubit 



ii . You should be able to.... 

a. demonstrate now caveman units can be used to estimate 
c * stances . 

b. list some advantages and disadvantages of using cave- 
man units to measure length. 
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ANSWERS PRECISION 

1. .Segment Unit Unit 



AB 



0 



1 

2 



W 2 

W 4 4 



*2-, a. 16 inches 
b. 15 feet 



c. 6 inches e. 3 feet 

d. 5 inches f. 9 feet 



3 . 2_ hand 

8 fathom 
1 ^ forefinger 
4 foot 



3 span 
7 pace 
6 arm 
5 cubit 



4. No response is intended, 
used as a self-check by 



*Use these answers as a gui<? 
bers of the class. 



These statements are to \h 
the student. 



Results may vary 
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LESSON 4 



ESTIMATES ARE NOT ENOUGH 

BECOMING MORE PRECISE. . . 

Estimation is useful for many everyday household and 
industrial situations. However, industry also needs mea- 
surements that are extremely accurate and precise. Indus- 
trial uses often demand measurements to the nearest thou- 
sandth and even millionth of an inch. 

All measurements are approximations. The science of 
measurement is the art of obtaining better approximations. 

A more precise measure of a length is one in which a better 
approximation of the length is obtained. 

EXAMPLE 

'C’ 7 ’ ] been measured using two different units of mea- 
sure. .h unit gives the more precise measure (the better 

approxii. Aon of the length of T53T)? 




TTT 
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Figure 1 

When measured to the 
nearest inch, . . . 

^ j.nches < m($Z) < ^ inches. 



Figure 2 

When measured to the 
nearest ^ inch, . . . 

i inch < m(ZET) < ^ inches. 



3 SON 'I 
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ESTIMATES ARE NOT ENOUGH 

OBJECTIVES 

1. To indicate the need for precision and uniform stan- 
dard units in an industrial society. 

2. To introduce the following terminology: 

a) precision b) standard unit 

3. Given two measurements, the student shall be able to 

indicate which is more precise. 

EQUIPMENT AND TEACH INGA IDS 
STUDENT 

1. Dictionary and encyclopedia (for page 28). 

CONTENT AND APPROACH 

Lesson 4 is a transitional lesson between the estimation 
activities and use of caveman units in Lessons 1-3 and more 
precise measurement (nearest .1 cm.,Jg'in.) and use of 
present-day standard units (English and metric) in the second 
part of this booklet. 

The discussion on pages 20 and 22 indicates the reliance 
of industry upon precision measurement and gives a definition 
of precision. The more precise measurement is the one which 
gives the better approximation of the length. 

The second paragraph is related to the statement of page 
2. By measuring more precisely we are obtaining better 
approximations, reducing the size of the error between the 
actual length and. the number used to express the length. 






SOLUTION 



In Figure 1: 

2 

m(OX) lies somewhere in the interval between ^ inches 

and J inches. The measure is located in an interval equal 

in length to ^ inch, smaller the unit of measure. 

In Figure 2: 

m(OX) lies somewhere in the interval between ^ inch and 
% inches. The measure is located in an interval equal in 
length to -g- inch, the unit of measure. 

Which of the two measurements is more precise? The more 
precise measurement will give the better approximation of the 
length of the segment. 

Since the interval is shorter in Figure 1, the measure 
obtained for OX in Figure 1 is a better approximation of its 
actual length. 

' Therefore, measuring to the nearest ^ inch gives a more 
precise measure than measuring to the nearest ^ inch because 
it locates m(QX) in a shorter interval. 



PRECISION — depends on the unit of measure. The 
smaller the unit of measure, the more 
precise the measurement. Thus, a mea- 
surement made to the nearest A inch is 

' .16 

more precise than one made to the 
nearest A inch. 



CONTENT AND APPROACH 



The question asked on page 20 is the type which the 
student should be able to answer, indicating his under- 
standing of the definition of precision. 

The sample solution on page 21 uses the definition of 
precision given on page 20. When a smaller unit is used, the 
length is located in a shorter interval. As a result, a 
better approximation of the length is obtained. 

Notice that the summarizing definition at the bottom of 
one page emphasizes the reliance of precision upon the unit 
of measure. 

If a follow-up activity to a discussion of the sample 
solution is needed to aid the students' understanding of 
precision, use exercises similar to // 2(d) on page 2 l j and 
# 4 on page 26. The sample solution can he used as a model 
for thinking through the question "Which is more precise?". 
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DISCUSSION QUESTIONS 

1. What is m(OX) when measured to the nearest i inch? to 

1 4 

the nearest ^ inch? 

2. Explain how using a smaller unit of measure gives a 
better approximation for the length of a segment. 



PRECISE MEASUREMENTS ARE NEEDED 

Mass production demands that everything fit together 
just right. The assembly line emerged as man learned to 
measure more accurately and precisely. The blueprint is 
the only thread between the designer and the men who make 
the product. The assembly line cannot operate unless the 
blueprint dimensions can be accurately reproduced. Precise 
measuring instruments and methods of measuring make this 
possible. 




THE BLUEPRINT IS THE ONLY THREAD BETWEEN THE 
DESIGNER AND THE MEN WHO MAKE THE PRODUCT. 



O l 
ERIC | 
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DISCUSSION QUESTIONS 

1 . This question is not directly related tc the discussion 
of precision and is inserted as a review of measuring 



2. The smaller unit will locate the length in a shorter in- 
terval, giving a better approximation of the length. 

CONTENT AND APPROACH 

The bottom half of page 22 and the picture on page 23 
give further emphasis to the need for precision measure- 
ments in industry. The discussion and development of a 
definition for precision will be relatively meaningless 
to the student unless he is given at least some indication 
of the need for precision. 



skills developed in the booklet. m(OX) 
1" (nearest 1"). 



— . UCOJ. U — ) * 

b b ' ' 




? p 



o 




When constructing the 630-foot Gateway Arch in St. Louis* 
an error of^ inch in pouring the foundations would have 
meant that the legs of the arch could not meet. Fortunately* 
this error was avoided 1 
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>/ POINT 

Circle the more precise measurement in each pair. 



To the 


neare 


st. , 


» • 


a . 


.1 m. 






.01 m. 










b. 


t5 in - 






H in * 










c . 


ft. 






in. 


d. 


- 3| 


in. 


to 


the 


nearest 


1 


in. 






6 H 


in. 


to 


the 


nearest 


1 

H 


in. 





e. 3.02 cm. to the nearest .01 cm. 
1.4 cm. to the nearest .1 cm. 



EXERCISES 

The following exercises begin a review and summary^ of 
some basic skills that enable a person to master the reading 
of a ruler to varying degrees of precision. 



1 1 nj 

0 


TTT 


rr 


I. a. b. 




Ill II 

0 


ll 1 1 1 1 1 ^ 


II. a.. b. 


0 


1 

1 


T3 



III. a. b. 



Answer the following 
questions for each of 
the rulers pictured. 

a. How many sub-divisions 
per unit? • 

b. The size of the small- 
est sub-division on 
the ruler is what 
fractional part of a 
unit? 



A brace (✓— * — t ) is used to 
indicate one sub-division 
on each ruler. 




IV. 
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ANSWERS 
y' POINT 

To the nearest, 

a. .03. m 

1) . 1_ in . 

10 

c . in . 

cl. 6 7 in. to the nearest 1_ in. 

d 8 

e. 3.02 cm. to the nearest .01 cm. 

The above are the more precise in each pair and should 
have been circled. 

EXERCISES 

I. a._4 

II. a._8 

III. a._3_ b. i 

3 

IV . a. _2_ b. JL 

2 



b. 1 
¥ 

b. 1 

8 





i 



* 
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Each, of the measurements below is to a different degree 
of precision. 

a. Which measurement ( s ) is (are) correct? 

b. Which measurement is "best"? 

c. Which measurement (s) is (are) "exact"? 

d. Which measurement is the most precise? 



A| 



r 






iB 



r 

0 




1 

1 




~t~ 

2 


"Tg 

1 V 


i 

1 

1 






1 




i 

1 


i 

) 

i 


i 

0 


1 


1 

1 


1 


1 

2 


ij 





II 



I I I I | I M | IT 

0 I 2 



B 



III 



1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ' r 1 4 1 1 1 



'I'l 


TV 


0 


1 



rg 



IV 





1 

1 


i i n 


m 


| | 


1 !' 


i 


1 


2 3 4 HI 


5 6 


7 8 9 10 II 



m(AB) is read "the measure 
of segment AB." 

m(7iB)= 3 units to the 
nearest unit . 



m( AB) = \ °r units 

to the nearest -ijj unit, 



\ O 

j i-v m(AB) := 1-jp or 2 ^ units to the 



nearest unit. 

21 R 

m(AB) = -g- or 2g units to the 
nearest g unit. 



The segments to the left 
are unequal in length. Why 
are their measures the same 
when measured to the nearest 
whole unit? 



£ 



ANSWERS 



2. a. All are correct. 

b. Depend o on the purpose of the mr-asur vm;rf 

If the students answer 2 ^ in. (IV , diccu:: 

v/hy this may not necessarily be the best or 
most appropriate measurement. 

c. None are exact. 

d. The measurement to the nearest c" in. is most 
precise. 



3. Although of unequal length, each segment is closer in 
length to 5 units than any other whole unit marking. 

This exercise indicates the distinction between the length 
and the measure of a segment. This is an important idea 
but should not be belabored at this stage. 



NOTE: When we say the length of some distance is 

the same as the length of another, we mean 

that we are unable to detect a difference in 

their lengths. However, with magnification 

or more careful measuring, a difference might 

be detected because all measurements are only 

approximations . 
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4 . For each pair circle the phrase that indicates the more 
precise measurement. 

To the nearest... a. 



a . — ?5“ 


inch 


1 


inch 


b. .1 


cm. 


.01 


cm. 


c * 16” 


cubit 


1 

“8" 


cubit 


d. -g- 


inch 


1 

“2" 


inch 


C JL 

c * T" 


inch 


1 

“5“ 


foot 



EVERY MAN FOR HIMSELF . . . 

One disadvantage to using parts of the body as units of 
length is that the size of each unit differs from person to 
person. This did not create serious problems for the caveman. 
Each family was independent. They did not rely on others to 
provide food, clothing, shelter and other daily needs. As a 
result, each locality used units that fit their own needs 
without much consideration for the world around them. There- 
fore, units of measure varied from town to town and sometimes 
from family to family. ' 

STANDARD UNIT a unit of measure 

agreed upon and used by a large 
number of people . 

V POINT 



1 . Name some standard units of length that are currently 
used. 



ANSWERS 



•uid 




CONTENT AND APPROACH 

The need for unifo'rw standard units !.•■ stm. sro-i in she 
discussion on paper and : v f . It: i.: in:. rbant •• 
r Indent be- understand that thor-' t nothin • In:,* -rent >.y i.n- 
eorr t about uni br ‘he b va ry in .! •. nr bn. : u; • . 

tne re us guidon-; for oat inat ley: . : : uwe v •’ :\l a jtv- tar.:,.: 

become essentia'. for v. nmunieu-;' on pur; vvv-n Login f. .. 
rely on other persons to produce pro- me or to our rj.ivj fl- 
oat ions. 

Page ;lo sumanarir.or. the yieod for s bandar ; unto.: in 
societies whose members are dependent on each other fur 
yoods anci services. 

EVERY MAN FOR HIMSELF Indicator the Jimibrd need for. 
standard units in a society life boat of the save man. ifw 
methods and procedures are developed as the need arises. 

V POINT 

Student response to this question may give some indication 
of their familarity with the units formally introduced 
(especially the metric units) in -Lesson h. 



O 

ERIC 



79 




ERIC 



27 



The units which 'M use for measuring have interesting 
histories. Mankind '£ need for standard units of length has 
evolved over cent uffies in a way quite similar to the develop- 

his booklet : The early inch was the width 
of a man's tta$?b, or that of three barley corns; the foot was 
W a man's foot; and the yard was the distance 
from the nose to the fingertips of an outstretched arm. Since 
these units of length varied from one person to another, it 
became necessary to establish the common standard units of 
length which we use today. 




As man developed an industrial society, the need for units 
that were the same regardless of locality became more apparent. 
Universally accepted standard units became mandatory with the 
introduction of assembly- line techniques in the early 1800's. 

Some units became widely used and were standardized by 
law or agreement and used by entire countries or regions. 

The first known standard units of measure were established 
about 8000 years ago. Our present. standards originated much 
later. 



1790 - metric system developed in France 
1866 - use of metric system legalized in U.S. 
1959_^_££e > sent_JJnited_States_inch^£tandardized 



80 



ft 



T 



{ 



r O ' 

ERIC 



CONTENT AND APPROACH 



The first paragraph extends the discussion on page «?6 
concerning the need for and development of standard units Ox 
measure. 



The second half of the page indicates the recent deve- 
lopment of our present standards. HOWLONG IS AN INCH? 

(p. 28) gives some background on the 1959 standardisation of 
the present- United States inch. 



The necessity for standard units of measure can be illu- 
strated by a situation such as the following. Suppose you 
were asked to measure the- length of a chalk board with any 
object you have available. Results such as the following 
could be obtained. 



Unit of Measure 
pencil 
stick 

paper clip 
books 



Measurement 
15 pencils 
4 sticks 
103 paper clips 
15 books 



Can the length of the chalkboard be visualized from any 
of these measurements? You probably have a general awareness 
of the length of one paper clip, but few persons can picture 
with any accuracy a length of 103 paper clips laid end to end. 
Books are of many sizes, making " 15 books long" rather mean- 
ingless. Similar remarks can be made for each of the measure- 
ments. Therefore, some standard unit is needed to provide 
uniform interpretation of m easurements . 




an 



EXERCISES 



1. Several standard units of length are not commonly known 
ar > : — they either (a) are used only for special types o) 
distances or (b) have been replaced /by snore recently 
adopted standard units. 

Use a dictionary or encyclopedia to find a definition 
of the following standard units. 



2. j determines the official standard units of length 
, -ed in the United States? What is the official U.S. 
standard of length? (Use a dictionary or encyclope- 



HOW LONG IS AN INCH? 

In the l4th century. King Edward II of England 
proclaimed that the English inch should be the 
length of "three barley-corns, dry, round, and 
laid end-to-end." He thought that he had finally 
standardized the inch. 

However, there has been disagreement about the 
inch ever since. Until 1959^ the British, United 
States, and Canadian inches were defined as fol-> 
lows: 

British inch - 2.53999560 cm. 

Canadian inch - 2.54-000000 cm. 

U.S. A. inch - 2.54C/00508 cm. 

Although very small, this difference resulted in 
£. vne World War II supplies requiring precise mea- 
surement (guns, planes,...) being custom-made. 

As a result, some supplies were delayed for months. 

In 1959, the United States, England, Australia, 
Canada, New Zealand, and South Africa agreed to 
adopt the Canadian inch as their official standard. 



a. league 

b. bolt of cloth 

c . light-year 

d. cable 

e . pica 

f. furlong 



g. ell 



h. nautical mile 

i. chain 



j. link 

k. rod 



ANSWERS 



1. a. Usually about 2 mile- a in length . (varied in 

some countries an.: during some periods * . 

b. Varies wish the material - a be 1 i of cotton io 

about yards, woo i about VC. 

Distance light travels is. or-..- ysufs. uK vl 
h , L'OC , 000 , OOO , C 00 miles 'j ' . 

<!. 720 ft. in U.3. Kavy, cGo ft. in British Navy 

(120 fa thorns'). , -j 

e. Sise of type (12 point)— pica type is sf inch 
in height (as on standard pica typewri tors ) ♦ 

f. 77 mile or 660 feet. 

• O’ 

g. inches in England and her colonies. 

h. 6o8o ft. in Great Britain. 

6o?6 . 1033 ft . in the U.S. A. ( essentially equal to 
one minute of latitude). 

i. 66 ft. - surveyor's chain. 

j. 7.92 in. - one of 100 equal parts of surveyor's 
chain. 

k. 16 -• ft. 

2 

2 . Congress; meter. 

The book by Jeanne Bend.i.ck', HOW MUCH AND HOW MANY? * is 
a good resource for exercises 1 and 2. 



THINGS TO DISCUSS 

1 . What would happen if we did not have uniform stan- 
dard units? If we could not measure precisely? 

2 . Is there such a thing as an exact measurement? 

(# 2 - 3 , p. 25 ) • 

3 . What disadvantages result from countries differing 
in their standards of measure? (p.28) 

4 . Give as many reasons as you can for having a standard 
length, such as the yard or meter, rather than an 
arbitary unit of length, such as a piece of rope. 



The use of the EXERCISES by the entire class is optional. 
One alternative is to have some selected students report on - 
the results or merely to relate some of the definitions 
asked for to indicate the variety of units in use. Regardless 
of the approach selected discuss the ideas indicated under 
THINGS TO DISCUSS. with your students. 
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COMMONLY USED UNITS 



SYSTEMS IN USE . . . 



Two major systems of measurement are currently in use 
throughout the world- the English system and the metric sys- 
tem. The metric system is more widely used. With the ex- 
ception of the United States and Canada, all major countries 
in the world are presently using the metric system or are 
in the process of changing to the metric system for use by 
the general public. 

While the centimeter and other units of the metric system 
are not in common use in this country, they are likely to 
be in the not- too- distant future. 

Some units of length are not used often and their rela- 
tionships with other units are not worth memorizing (they 
can be looked up when needed). Following are relationships 
between some of the basic units of length within the English 
and metric systems of measurement. Those marked with an as- 
terisk (*) should be memorized, if you have not done so already. 
These are the ones most commonly used by the general public. 

STANDARD UNITS OF LENGTHS 



ENGLISH SYSTEM 



METRIC SYSTEM 



* 12 inches **1 foot 

* 3 feet = 1 yard 
16 . 5 feet = 1 rod 

* 5280 feet =1 mile 



* 10 millim eters =1 centim eter 
10 centim eters =1 decim eter 

* 100 centim eters =1 meter 

* 1000 meters = 1 kilometer 



METRIC OR ENGLISH??? 

The article on page 30 indicates some of the pros and 
cons of switching to the metric system in the United States. 



OBJECTIVES 



COMMONLY USED UNITS 



Giver: a list r : f 
the student will 
to longest. 



able to 



• • i . * •* *-■ 

rant 



n .uni tr .. oi 

t I’l’Cti : 



The student will be able to. define the moat 
u a e d in etric p r o f i x e 5 . 



.1 ength 
hertest 

commonly 



. Given a distance to be measured and a list of units, 
the student shall select the most appropriate unit 
for measuring that distance (to be developed more 
fully in Lesson 12). 

h. The student shall have immediate recall of the nume- 
rical relationship between the basic units of the 
English and metric system (for those relationships 
indicated by an asterik ( \ 

5. To discuss the pros and cons of adopting the metric 
system for -everyday usage. 



EQUIPMENT AND TEACHING AIDS 

A. STUDENT 

•1. Rulers 

a. nearest inch 

b. nearest centimeter 

B. TEACHER 

1. Yardstick 

2. Meter stick 



CONTENT AND APPROACH 

Lesson 5 formally introduces the English and metric 
system and is designed to develop a feeling for how long 
the basic units are and how they compare to each other. 
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Conversion to the Metric System Eyed 



By Science Service 

WA SUING TON - Conversion 
to the metric system seems 
inevitable lor the United 
States . particularly with 

90 per cent of the world’s 
people already using it . 
The question is when and 
how . 

As to when , Sen. Robert 
P. Griffin , R Mich., who 
helped draft recently passed 
federal legislation calling 
for a three-year study on 
the ramifications of metric 
conversion , says that “by 
1980 most of the countr y 
will be on the metric sys- 
tem. ** 

The question of how to 
switch is the basic purpose 
of the three-year study. 
The secretary of commerce, 
who will coordinate 
the study, has been direct- 
ed to make specific recom- 
mendations on overcoming 
th e u practical di fficu 1 ties’ * 
involved. 

Many expect the biggest 
practical difficulty to be 
the cost of changing over , 
which most estimates put 
between $10 billion and 
$20 billion. 

HIGHLY UNLIKELY 

General Electric Co. 
estimates that it would 
cost them $200 million to 
convert if they redesigned 
all their equipment , which 
is highly unlikely. 

However , offers say 
that the relevant question 
is not u what will it cost 
to convert ** but rather 
,4 what will it cost not to.* f 



One economist states 
that the Stanford Research 
Institute estimate of $11 
billion to change U.S. in- 
dustry over to the metric 
system could be paid for 
in 16 years by the savings 
made in teaching only th e 
metric system in grade 
schools. 

He says that 25 per cent 
of the time spent teaching 
arithmetic could be saved 
by the elimination of mos t 
common fractions and com - 
plicated units of measure , 
and that this would amount 
to a $705 million a year 
savings for all pupils a- 
cross the country. 

Heading up the Com- 
merce Department group 
that will make the three- 
year study is A.G. McNish, 
assistant to the director, 
National Bureau of Stand- 
ards. 

While not wanting to 
prejudice the results of 
the study, McNish does 
not agree that the cost of 
conversion will run ne- 
cessarily into the billions. 

• He says the study will 
pin down the economic 
benefits of adopting metric 
and weigh them against 

• the costs. 

McNish says that, from 
the data obtained, esti- 
mates will be made on how 
j fast conversion should go 
I lor several industries, so 
as to keep costs lowest and 
get the biggest benefits, 
primarily increased foreign 
trade. 



Dr. John F. Kincaid , 
assistant secretary of com- 
merce lor science and tech- 
nology, points out that the 
metric conversion issue 
has a critical bearing on 
the amount of the country's 
foreign trade and its bal - 
ance of payments . 

He believes, along with 
a number of economists, 
that until the U.S. switches, 
it will be denied much of 
the world market that is 
developing as the emerging 
nations industrialize, a 
market that Dr. Kincaid 
says will reach tf almost 
astronomical proportions.** 

fn addition, the study 
will explore the costs and 
problems of teaching the 
metric system in the coun - : 
try* s schools, and of chang- 
ing consumer transactions 
to metric, such as buying 
milk by the liter, meat by 
the kilogram or carpeting 
by the meter. 

When the study is com- 
pleted, the fireworks will 
begin. ft will be up to 
Congress to decide spe - 
cifically how to convert. 
This will involve the po- 
tentially explosive question 
of the extent to which 
metric adoption will be 
mandatory, rather than vol- 
untary • 



This article appeared in 
the Pontiac Press , Pontiac, 
Michigan, November 6 , 1968* 

Reprinted by permission 
of Science Service. 



STAGED BASIS 

For example, the Bri - 
tish have begun mandatory 
conversion to metric in a 
staged basis so that by 
1975 every segment of the 
country wifi be on metric. 

McNish says that he 
doubts very much that this 
is the way it will go lor 
the U.S . 

He thinks industry woul d 
not tolerate a mandatory 
approach . although he be- 
lieves federal tax incent- 
ives to ease the cost bur- 
den where it exists may be 
provided. y 

He says it is probable 
that only consumer trans- 
actions would be covered 
by mandatory federal leg- 
islation. And as lor teach- 
ing metric in the schools, 
McNish sees this as a 
state and local matter. 
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'Additional reference sources 
article on page 30 arc listed und 
pages xvi-xvii at the be? ginning c 
article is include 1 .! to provide- a 
the metric system. 



t‘o r the discussion of the 

r RESOURCE MATERIALS on 

this booklet. This 
ntionalv; tor* the study ci‘ 



You may prefer 
article and/or some 
MATERIALS until the 



to postpone the class discussion of this 
of the articles listed under RESOURCE 
students have studied the metric system 



more extensively. 



The question of whether or not to switch to the metric 
system for everyday usage is not a hypothetical question-- 
it is one that is currently being debated and will affect 
all of us. 

Following are some sample questions which could be used 
to motivate a class discussion of this article. 

1. What advantages are stated or implied in the article 
(p. 30) for switching from our present English 
system of measurement? What disadvantages? 

2. Consider the following statement. 

"The metric system is harder to use 
than the English system. I studied 
the metric system last year in school 
• and never did understand it." 

Is the above statement a valid argument for 
not switching to the metric system? Why or 
why not? 

3. Suppose the English system of measurement was 
completely abolished and you were allowed to use 
only the metric system. What changes would affect 
you? 



COMPARING STANDARD UNITS 



31 




ONE CENTIMETER d/ioo meter) 
CACTUnc sizes) 




ONE INCH 



One centimeter is about 

.4 (or ) inches long. 
5 




C-fo Ac.ru A-c, s/ze) 

)) ir 7 7 / 





ONE METER 

// // // // 



1 yard = 36 inches 
1 meter = 39*37 inches. 



One Kilometer is about 

tr 

.625 (or ^ ) miles long. 
8 




1 1 7 — 7—, 7 

ONE KILOMETER 
/ / L L 



2 



7T 



7~7 

1000 METERS) 

L L L 




A 



r 



The above scale drawings indicate the relative lengths 
of some comparable English and metric units of length. 
Notice that the drawings are drawn to different scales. 



V'' POINT 



1 . 



Circle the longer unit in each pair. 



a . 


Mile 


Kilometer 


b. 


Yard 


Meter 


c . 


Inch 


yCen time ter 


d. 


Mile 


Meter 



Use 



and pro 
inches 



eon.oa r i 



the drawings on par? 31 . a meter stick. a yu 
vide each student with rulers graduated in v: 
and centimeter' tc aid the student in visual 
3 n between ’ n etric a n cl En g : i s h u n i. t r, . 



r.i.stic 
ho" e 
i. :ng 



the 
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ANSWERS 



1. 


a . 


Mile 


2. 


b . 


Mete r 


n 


c . 


fnch 


k. 


cl. 


Mile 



1 : h e 3 e re s p on c e a c. h o u 1 d h a v e 
been circled. 

i 
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PREFIXES AND THE DECIMAL SYSTEM . . 

The metric system is convenient to use because all units 
of length are related to the basic unit, the meter, in the same 
way that the place values (thousandths, hundredths, tenths, 
tens, hundreds,...) of the decimal system of numeration are 
related to the units ... (or ones) place. 

For example, a centimeter is of a meter and a kilo- 
meter is 1000 meters. The relationship between the metric 
units is determined by using the metric prefixes. 





METRIC PREFIXES 




mllli " 1000 


(.001) 


deca- 10 


centi- 


(.01) 


hecto- 100 


deci -J- 


(.1) 


kilo- 1000 



The prefixes underlined are those most commonly used. 

These same prefixes are used with the basic metric units 
of mass (gram) and capacity (liter). 

In contrast, the relationships between English units of 
length are not as consistent. 

V'POINT 

1. Give the meaning of the following metric prefixes. 

a. milli 

b. kilo - 

c. centi 
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The text on page 3--- indicates the 
the relationship of the metric p re fixe 
the decimal place values to the units 



similarity between 
s to the meter and 
(or ones'' place. 



thousands 


hundreds 


tens 


units 


tenths 


hundredths 


thousandths 


1000 


100 


10 


1 


.1 (1/10) 


.01 (1 / 1 00) 


.001 (I/I 000) 


kilo 


hecto 


deca 


basic 


deci 


centi 


milli 




unit 





Suppose all metric lengths were written in terms of the meter. 
Consider the length 1}-T .68 meters. 

47.68 = (4x1 0 m) + (7xl m) , (6x.l m) -> (8x.0l m) 

= 4 deca meters 7 meters + 6 deci meters + 8 centi meters. 

Notice the similarity between the expanded form above and 
the expanded form if only the decimal places were considered. 
Another type of similarity which can be noted is: 

47.68= 4768 = 4768 x I 
100 100 

Therefore, 47. 68 m = 4768 x I m - 4768 cm. 

100 



This exposure and use of metric prefixes is too limited 
in scope for the student to fully appreciate the simiplicity 
of these decimal relationships. 



EXERCISES 



1. Circle the longer unit in each pair. 



a. 


meter yard 




e. 


centimeter millim 


b. 


centimeter 


inch 


f. 


foot 


yard 


c. 


centimeter 


meter 


g- 


meter 


foot 


d. 


kilometer 


mile 


h. 


inch 


millimeter 



2. Complete: 

a. 1 mile = feet 

b. 1 meter = millimeters 

c. 1 meter = centimeters 

d. 1 centimeter = millimeters 



3. Suppose that the metric system, with the prefixes, milli, 
deci, centi, and kilo, was used to measure time. 

a. If your class period was a deciday long, would you 
like it better? Why or why not? 



b. About how many centidays would it take to make an 

hour? 

c. A kiloday would be about how many years? 

4 . What is a more common name for a centidollar? a decidollar? 



5 . 



v 

Arrange the following units in order of length from 
smallest. to largest. (Indicate the smallest by 1, next 
smaller by 2, ... ) 



inch 

kilometer 

yard 

millimeter 



foot 

meter 

mile 

centimeter 



T 33 



Exercises 1,5 , 6, 7 and 8 give the student practice in 
Visualising relative sizes. Exercises 2 , 3 and 4 
drill on metric prefixes and numerical relationships between 
the basic units. 



ANSWERS 

EXERCISES 

1. a. 

b, 

c , 

d, 



2 . 



3 . 



4 . 



a. 

b. 

a. 



b. 

c. 



meter e. centimeter 

inch f . yard 

meter g.. meter 

mile h. inch x 

y 7 

5,280 c. 100 

1,000 d. 10 

1 dec id ay = 2.4 hours = 2 hours 24 min. 

The answers to this question should 
be interesting. 

A little more than 4 . 



(4i> 



About 3 years, 
penny; dime 
3_ inch 
7 kilometer 
5, yard 

1 millimeter 



4 foot 
6 meter 
8 mile 

2 centimeter 
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6 . 



A 



B 



COE 



a. Name the segment which you believe is closest to an 

inch in length. 

b. Name the segment which you believe is closest to a 

centimeter in length. 



7. Circle the unit which best completes the statement. 



a. 


The longest unit 


is . . . 








a centimeter 


a meter 


an inch 




b. 


The length of a 


room would be 


measured in. 


• • 




centimeters 


kilometers 


meters . 




c. 


The distance from Detroit to Chicago would 
measured in. . . 


be 




kilometers 


millimeters meters 




d. 


Your height would be measured 


in. . . 






millimeters 


meters 


centimeters 


e. 


100 centimeters 


equals ... 








1 kilometer 


1 meter 


1 yard 






1 i i i 1 i 


i i 1 1 i i 


i 1 i l_l 


i 




0 1 


2 

INCHES 


3 


4 




1 1 1 1 1 (J 


1 1 1 1 tl J 


lil iLl 


| 




0 12 2 


I486 


7 8 9 


10 



CENTIMETERS 



8. Comparing the inch and centimeter scales above, complete 
the following. 



a. 5 cm. ~ 

b. 3 in. =r 



in. 

cm. 



c. 20 cm.' ss 



in. 



(<*» is read "approximately the same as".) 



ANSWERS 



6 . a . AB 



b . Dr' 



7. a. meter 

b. meters 

e. kilometers 

d. centimeters (possibly meters) 

e. 1 meter 

8 . a. 5 era. - 2 in. 

b* ; in. ^ 7.5 crn. 

c. 20 em.jj. 8_ in. 
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MORE OF THE SAME 

The previous lesson (pp. 29-34) introduced the more 
commonly used English and metric units of length and the 
metric prefixes. The exercises in this lesson continue the 
development of these topics. Work the exercises carefully, 
referring to the information given. Ask for assistance if 
there are problems which give you difficulty. 

EXERCISES 

Refer to the information below for questions 1 and 2. 

UNITS OF LENGTH 



English System 

12 inches = 1 foot 
3 feet = 1 yard 
5280 feet = 1 mile 



Metric System 

10 millimeters = 1 centimeter 
100 centimeters = 1 meter 
1000 meters = 1 kilometer 



1. Write the ratios of the following English units, 

a. 1 foot to 1 inch (1 foot = 12 inches = i) 



1 inch 



1 inch 



b. 1 yard to 1 foot 

c. 1 inch to 1 yard 

d. 1 mile to 1 foot 



O I 
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2. Write the ratios of the following metric units. 

1 cm. = 10 mm. 



a. 1 centimeter to 1 millimeter ( ^ 

b. 1 centimeter to 1 meter 

c. 1 meter to 1 millimeter 

d. 1 kilometer to 1 meter. 



1 mm. 



1 mm. 



9 
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MORE OF THE SAME 

OBJECTIVES 

This lesson provides additional practice on the topics 
introduced in Lesson 5 • Use the same list of objectives as 
those given for Lesson 5 (See page T 29). 

CONTENT AND APPROACH 

One indication of the simplicity of the metric system as 
opposed to the English system is the constant ratio of 1 to 
10 between each unit and the next larger unit; thus the ratio 
of any two metric units is a power of 10. 

Exercises 1 and 2 provide practice in v/riting. ratios and 
are a first attempt to indicate this relationship between 
units. The value of such a constant ratio, however, can not be 
shown with two exercises and can only be developed through 
practice and use of the metric system. 

ANSWERS 



a. 


12 

1 


b. 


3 

l 


c . 


l 

~W 


d. 


5280 

1 


a. 


10 

1 


b. 


1 

100 


c . 


1000 

1 


d. 


1000 

1 






B 



I i i i I i i i 1 1 i L 1 .1 i i I 




01234 5 6 7 8 9 K 

CENTIMETERS 

Refer to the above illustration for exercises 3-7, 



3. Each inch on the top ruler is divided into four equal 

parts. Each part is what fractional part of an inch? 

4. Each centimeter on the bottom ruler is divided into 

ten equal parts. What is the mime of each of these 
parts? 

5. Give the measures of the following segments to the 
nearest centimeter (cm.)., 

a. rn(AB) = __cm. c. m(BC) = m(AC) - m(lTB) = cm 

b. m(ATT) = cm. 

6. A 35 mm. camera uses film that is 35 millimeters (3«5 cm.) 
wide. What is the width of this film to the nearest 

£ inch? 

7. To obtain a wide-screen effect, commercial theaters 
use mot ion -picture film that has a width of 70 mm. 

a. How many centimeters wide is this film? 

b. What is the width of this film to the nearest £ inch? 



8. Electricity for lights and other electrical applicances 
is measured by an electric meter. The unit of measure 
is the watt-hour or kilo-watt hour (kwh) 5 which is 
1000 watt-hours, (kilo = 1000) 

An appliance rated 40 watts will use 40 watts of eiectri 
city per hour. 





Exercise 5 is not directly related to the topics under de- 
velopment. However, the questions review the skill of 
measuring to the nearest unit. 

The use of an arbitrary ''zero point" for measuring (5c) will 
be developed in Lesson 9> (pp. 58 - 66). 



amswkrs 

1 

~> * IT 

b . millimeter 

5. a. rn(AB) = 2 cm. c. m(BC) = 4 cm. 

b. m(AC j =6 cm. 

6. 1 in . 

7. a. 7 cm. 
b. 2 | in. 
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For example, a 1000-watt heater will use 1 kilowatt hour 
of electricity in 1 hour (1000 watts x 1 hr. = 1000 watt-hours 
= 1 kwh). In 10 hours, a 100-watt "bulb will also use 1 kwh 
of electricity (100 watts x 10 hrs. = 1000 watt - hours = 1 kwh). 

a. How many hours will it take for two 100-watt bulbs to 

use 1 kwh of electricity? 

b. An electric fan is marked "40 watts." How many hours 

will it take to use 2 kwh of electricity? 

9. Circle the best estimate in each exercise. 

a. Height of a man 1 meter 2 meters 100 centimeters 

b. Length of a 25 yards l8 feet l8 yards 



dollar bill 

10. Ir/' :cate the letter of the segment which you believe is 
nearest to . . . 



a b c d 0 f g h i j k I m n o p q 

*11. Metric prefixes are used in conjunction with several 

units of measures and objects. For example the prefix 
mega means 1,000,000 and a megaton is 1,000,000 tons. 
What is the meaning of the following words? 



School Bus 



Length of a 



6 inches 10 inches 12 inches 



a. One inch in length. 



b. One centimeter in length 




• a. decade 

b. decathlon 

c. micrometer 



d. centigrade 

e. mill 
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answers 



8. a. 5 hours 

b. 50 hours 

9. The following responses should be circled. 

a . 2 meters ' 

b. 18 yards 

c . .6 inches 

10. a. d 

b. o 

11. This exercise is optional and il]ustrates the wide use 

of metric prefixes. A dictionary will be needed for this 

exercise. 

a. A period of 10 years. 

b. An Olympic track event consisting of ten separate 
events. 

c. A precision measuring instrument for measuring very 
small distances. (The more commonly used ones measure 
to the nearest .001 inch.) 

d. Divided into 100 parts, as on a centigrade ther- 
mometer scale. ; 

e. A unit of money, usually used in relation to tax 

rates, equal to of a dollar or of a cent. 
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y'POINT 

Use the following questions to check your understanding 
of Lessons 4 - 6 . If you have diffi> ulty with any questions, 
it may indicate a topic you should review. 



For each pair circle the phrase that indicates the more 
precise measurement. 

To the nearest... a. .1 in. .1 cm. 

b. yard meter 

c. 1 in. 1 in. 

H 16 

The ruler below is graduated in of 

a unit. (what fractional part?) 



jm 


i i i 


rj 


0 




1 



Define the following metric prefixes. 

a. centi c. kilo 

b. milli 



Complete : 

a. • 

b. 



centimeters = 1 meter 

1 centimeter = millimeters 



c. 1 yard = 

d. 1 in. ~ 



feet 

cm. 



Arrange each set of units in order from largest to 
smallest . 



a. centimeter inch 

b . yard foot 

c. inch meter mile 



millimeter 

meter- 

kilometer 



0 
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ANSWERS 



1. To the nearest... 

a. .1 cm. 

b. yard 

c . — inch 

1 6 

2. sevenths 

3. a. centi = 1 

TOO- 

b. milli= 1 

115UD 

c. kilo = 1000 

4. a. 100 centimeters = 1 meter 

b. 1 centimeter = JLO millimeters 

c. 1 yard = 3. feet 

d. 1 inch - 2 — centimeters 

2 

5. a. inch, centimeter, millimeter 

b. meter, yard, foot 

c. mile, kilometer, meter, inch 



: 1C3 



ORIGIN OF THE MILE. . . 

The mi lie or mi le , as used by the Romans , was de- 
fined as 1,000 paces (double steps ). The Latin 
w ords for 1,000 paces 'were millia passuum , later 
translated into English as mile . 

About the year 1500 , the mile was changed to ^_280 
feet . "This was done so that a mile could be divided 
into exactly 8 furlongs, the most common units of 
length for land measure at that time. . 

(1 furlong = 40 rods - 660 feet) 



8 
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LESSON 




SIXTEENTHS OF AN INCH 




EIGHTHS OF AN INCH 



r i i 


1 1 1 


1 1 


1 


1 1 1 


r rrT T 


O 1 


1 s 


> 


fl 


1 * 


i 5 



FOURTHS OF AN INCH 



D. 




I 


1 


| 


1 


m 






> i 


2 3 4 5 1 



HALF-INCHES 






TENTHS OF A CENTIMETER 




ERIC 



. 105 



:sson 7 



T 4 0 



WHAT IS THE SCALE? 

OBJECTIVES 



1. Using rulers graduated in subdivisions cf an inch 

(JL, 1, 1, 1, 1 ) as a guide, the student shall be 

2 4 8 10 1 6 

answer questions such as... 

a. If 3 = '£ , then * = . 

4 3 . 

b. If 1 + £ = a -i- £ = £ , then a = and c = 

o o o a q 

d u o o o 

2. Given rulers graduated like these pictured on page 

40 and an indicated length such as 3*7 in. or 
2 .5 in., the student shall indicate the correspond- 
8 

ing location on the ruler scale. 

3. The student shall be able to answer questions such 

8.S • • • 

For each ruler location circle the whole unit 
measure to which it is closest. If it is equally 
close to both, circle both. 

Ruler Locat ion Whole Units 

5.7 cm. 
o 9 in. 

lo“ 



5 cm. 6 cm. 
2 in. 3 in. 



EQUIPMENT AND TEACHING AIDS 



A. STUDENT 





*i. 


Rulers graduated in 


the 


following 


subdivisions of 


a. 


cm. 


an inch and centimeter: 
d. 1 in. g. 


1 


in. 


/markings of . 
' equal length' 


b. 


.1 


4 

cm. e. £ 




h. 


16 

1 


in. 


( markings of \ 

' unequal length' 


c . 


1 

2 


Q 

o 

in. f. 1 

10 


in. 




16 







i 



i 
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WM AT CS THE SCALE? 

You will be given a packet of rulers like those pictured 
on page 40. These rulers will be used in the remainder of 
this booklet. 

The markings of ruler E are the most commonly used for 
every-day purposes. You must understand what the marks of 
different length mean before you can use a ruler accurately. 

THE SCALE IS .. . 

Before a ruler can be used to measure distances, its 
scale must be determined. The scale depends on the length 
of the ruler's smallest subdivision. 

For example, each inch of the ruler pictured below is 
divided into ten equal parts. 





LI 




| 1 1 1 1 1 1 1 1 1 1 1 1 II 1 1 1 1 


nun hi 


< 


> 1 2 


i 

. 9 

i 3 




INCHES 





Therefore, each of the small subdivisions on the above 
ruler (one subdivision is indicated above the ruler) repre- 
sents a length of ^ inch. We say that the ruler has a 
scale graduated in tenths of an inch. 
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EQUIPMENT AND TEACHING AIDS (Cont ’ n ) 



B. TEACHER 

1. Overhead projector. 

2. Projection screen. 

3. Acetate rulers (graduated like those provided for 
the student). 



CONTENT AND APPROACH 

Before any ruler can be used , its scale and the meaning 
of its markings must be determined. The scale of a ruler 
depends on the length of its smallest subdivision. Earlier 
exercises related to this lesson include exercise 1, p.24. 
The student is provided with a packet of cardboard rulers 
graduated like those pictured on page -0. These rulers will 
be used in Lesson 7 and throughout the remainder of the book- 
let. The acetate rulers car. be used with an overhead projec- 
tor to provide further illustrations and examples for your 
students if needed. 



The cardboard rulers provided have been purposely designed 
with the zero not at the end. This gives the student the idea 
that markings are more accurate to use than the end of the 
ruler because corners soon become worn, thus introducing 
error (See Guideline # 1, p.47). 



Rulers with several different scales have been provided 
at this stage because too many subdivisions and/or markings 
of different length tend to be confusing to the student who 
is not yet proficient in the use of a ruler. Eventually 
(do not rush them), the students should be able to use a 
ruler such as ruler E (p.40) to measure to the nearest in., 

1 in., _1 in . , _1 in . , o r _1 in . 

2 4 3 1 6 
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The ruler below is graduated in eighths of an inch. 

(How can you tell?) It could be used to measure lengths to 
the nearest eighth of an inch. 





Point C on the scale represents 7 one-fourth inches. 

7 one-fourth inches =7x1 inches = Z in. = 1 r in. 

4 4 4 

Point D represents how many inches? 



>/ POINT 



1. Give the meaning for each labeled point on the ruler 
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CONTENT AND APPROACH 

After the scale of a ruler (length of the smallest sub- 
division) has been determined, the student should be able to 
give the meaning of any indicated point of the ruler scale. 
Notice that each marking is interpreted as a multiple of the 
scale. For example, the scale on the second ruler pictured 
on page 42 is graduated in fourths of an inch. Point D re- 
presents 9 one-fourth inches = S x | in. = in. = 2 ^ in. 

If your students have difficulty converting improper 
fractions to mixed numbers (and vice-versa), provide addi- 
tional practice prior to their using the POINT to test 
their understanding of pages 4l and 42. Some strategies for 
explaining this process were outlined in comments on LESSON 
1. (See CONTENT AND APPROACH * Page T ?). 

ANSWERS (V' POINT ) 

1. A: 

B: 

2. G: 

H: 



1 in. 
16 


C : 


20 or 1 % in. E: 55 or 

16 16 16 


0 7 . 

3 K in. 


11 in. 
1 6 


D: 


45 or 2 1A in. 
1 6 !6 




.6 cm. 


I: 


5.9 cm. (— cm. ) 
10 




2 . 5 cm. 


J: 


8.4 cm. (84 cm. ) 
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EQUIVALENT RULER LENGTHS 



Ruler scales can also be used to indicate fractions that 
are equivalent (have the same value). For example* suppose 
two rulers graduated in half inches and eighths of an inch are 





Depending on the ruler used. 



m(AB) = 3 one-half inches 




O I 

m(AB) = ^ in. = 1 — in. 

These results indicate that 

The truth of this result 
could be checked by the 
cross-product method which 
was developed in ACTIVITIES 
WITH RATIO AND PROPORTION. 



or 



3 12 
2 8 

3 _ 12 
2 “ 8 
because 
3x8 = 



m(AB) = 12 one-eighth inches 
= 12 x i in. 

m(AB) = ~ in. = 1 ^ in. 
o o 

(How?) 



2 x 12 



>/ POINT 

Give the missing numbers so that the fractions for each 
part are equivalent. (Your rulers may be used.) 



□ 

• 

1 — 1 


7 


3. 3 


- 11 




" 8 


□ 


8 


n 

< 

CV 


= 4 


4. io 


= □ 


4 


l6 




4 




C. 



CONTENT AND APPROACH 



Eauivalent fractions and the cross product method were 



valents . 

If your students need additional review or development 
of these two topics^ refer to the strategies outlined in the 
previous booklet and use the acetate rulers to provide addi- 
tional examples. 



NOTE: Allowance for small variations in readings may need 

to be made due to scale distortions in the cardboard 
and acetate rulers. 



developed in a previous booklet ( ACTIVITIES WITH RATIO AND 
PROPORTION , Lessons 3 and 3). This prior exposure and 
development is assumed and this section is intended as a 




ANSWERS {V POINT ) 



1. lh = 7 

16 3 




2 . 1 = 

4 lb 



k. 10 = 5 

« 4 
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EXERCISES 



1. The ruler belovr is graduated in tenths of an inch. 



<Xs 




Indicate by a letter and arrow each of the following locations 
on the above ruler scale. Part a is done as an example. 



a. 


1 TO in ‘ 


c . 


3.2 in. 


e. 1.9 in. 


b. 


2.5 in . (2 in . ) 


d. 


n> in - 


f . .2 in. 


You 


may refer to the ruler 


in #1 for questions 


2 and 3. 


2. 


a. How many tenths 


in 


one inch? 






b. How many tenths 


in 


2 inches? 





c. How many tenths in a half- inch? 

d. Is .4 inch more.- or less than a half- inch? 

e. Is 2.8 inches more or less than 2-g- inches? 

3. For each ruler location, circle the whole inch measure 
to which it is closest. If it is equally close to both, 
circle both. 

RULER LOCATION WHOLE INCHES 



a. 


1.4 


in. 


1 in. 


2 


in. 


b. 


.7 


in. 


0 in. 


1 


in. 


c. 


.3 


in. 


0 in. 


1 


in. 


d. 


1.5 


in. 


1 in. 


2 


in. 


e . 


2.3 


in. 


1 in. 


3 


in. 




X hh 



I 




ANSWERS 

1 . 




2 . 



a. 10 tenths in one inch.. 

b. 20 tenths in two inches. 

c. 5. tenths in a half-inch. 

d. .4 in. is less than a half-inch. 

e. 2.8 in. is more than 2-|- inches. 



3. a. 

b. 

c . 

d. 



1 inch 
1 inch 

0 inches 

1 inch: 2 inches 
3 inches 




o l 

mo 



-;ivo f.no ‘lumbers whinh when rubslil.wl.of] for the joMors 
vnll make 1:1* of* rack ions Cor each pari equivalent. Writ... 
our answers In I', ho blanks nrnvi rirvi 



o 



Y 

i 7 



b. 2 ^ L '■ _ 
i\ x ' ■ 



r r — = — „ . then x =: 



lb 



if - = !± 

)l .Q 



then 



c . If + , then a = 
16 4 



Tl ' 2 f - 2 ^ - 2 V - . then x = 
8 2 10 

t /» ^8 r -| s . , 

1 16 - h = 1 h • then r “ _ 



d • If — = ~ . then b = 

16 8 



and y = 



and s = 



Give the numbers which when substituted for the letters 
will make each of the following statements true. Write 
your answers in the blanks provided. 



a. 



b. 



If 8 + 1 x + l Z, then x = 
4 16 16 16 16 



If ±+1 = 1 + 1 = 

2 8 8 8 8 



then c = 



_and y = 
and d = 



c. 



“iVl'iViVfe thenr = 



and ' 3 = 



d. If2+| = |+ | = |= l|> then a = , b = , and c =_ 



e. 



IfX-i = X- ? = -^ then m = 



8 



8 8 8 



and n = 



f . 



If 1 + 1 = t, then t _ 

4 8 8 



h. 



If — + — = — * then a = 
16 8 b 



If — - — = -i* then j = 
10 2 k 



and b = 



and k = 
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ANSWERS 

4. a. x = 10 

c. a - 12 

e. = 4_ and y = 5_. 

f. r = 7 and s = 3. 



b. c = 3 
d . b = 6 . 



5 . a . x « 12 and y = 13 . 

b. c = 4 and d = J_. 

c . r = 10 and s = 13 . 

d . a = 6y b = 11 3 and c = 3 

e. m = 4 and n = _3 

f. t = 5. 

g. a = 11 and b = 16 . 

h. J a 4 and k = 10. (If student writes answers in 

simplest form, j = 2_ and k = 5 • ) 



316 
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6. Indicate by a letter and arrow each of the following 
locations on the above ruler scale. 



5 . 

a . -g in . 




d • 2 ^ in • 




7 

b . 1-g in . 




e . in . 




c. 1^ in. (2 


in. ) 


f • in • 




For each ruler 
to which it is 
circle both. 


location, 

closest. 


circle the whole inch measure 
If it is equally close to both. 


RULER LOCATION 




WHOLE INCHES 


a. 1 -g in. 




1 in. 


2 in. 


b . ^ in, 




0 in. 


1 in . 


c. 4 in. 




4 in. 


5 in. 


d. 2 -i- in. 




2 in. 


3 in. 


e. 3 ^ in. 




4 in. 


3 in. 
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ANSWERS 



c, b d e -f- 



s 


' 3 


' \ 


' \ 


' > 


f \ 


f 


inn 

0 


II 

4 


III 


II 


1 1 1 1 1 1 

2 


T 1 

3 


mill 

4 


mill 

1 


Him 
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RULES TO LIVE BY 




1. Use rulers that have square, clean-cut edges. A ruler 
that is warped, rounded, or worn will give inaccurate 
results . despite careful use. 

2. When measuring the length or width of a rectangular ob- 
ject, measure parallel and close to the edge being mea- 





CORRECT INCORRECT 

3. Use a unit of length suitable for the distance being mea- 
sured and the purpose for which it is being used. (This 
idea will be further developed in Lesson 12.) 

Know the scale used on the ruler before reading the mea- 
surement . 

5. For best results, place the ruler in such a position so 
that the scale is as close as possible to the object 
being measured. 
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RULES TO LIVE BY 



OBJECTIVES 



1. 


The 


student shall 


be able to us- 


■> a ruler to measure to 




the 


nearest. . . 








( 


a } 1 in . 


(V) 1 in. 


' (-• ) ^ 

% * 9 — • • 



(cl) .1 or:;. 



EQU IPME NT A ND T EACH IN G A IDS 

A. STUDENT 

* 1 . Packet of rulers - use will be made of most of 
the rulers provided for Lesson 7'. 

B. TEACHER 

1. Overhead projector. 

2. Projection screen. 

■*'3 . Prepared transparent: ie s . 

*4. Acetate rulers -(fi r aduated like those used 
by students). 

*3 . Acetate T-square overlay. 

*6. Acetate overlay (to check exercise ? 1 9 p . 3 2 ). 

ADDITIONAL COMMENT ON GUIDELINE NUMBER 5 

It is good practice to place the ruler in such a position 
that the scale is as close as possible to the object 
being measured: otherwise the thickness of the ruler 
causes parallax errors (variations in reading due to the 
angle from which the reading is taken). Use the pictures 

reproduced on TR 8-1 if you wish to discuss this ooint 
with your class. 
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COMPETENCE ASSUMED 



When lengths are measured, the ability to use the mea- 
suring instrument properly is usually assumed. However, 
carelessness and lack of knowledge may cause any measuring 
instrument to be used improperly. Many mistakes can be 
easily corrected by following some basic guidelines in the 
proper use of a ruler. (See page ^7.) 

REDUCING ERRORS. . .. 

Even with careful use, small "errors" occur. Some 
things which cause errors are: The user is tired, the 

ruler slipped, the ends of the distance being measured are 
not lined up carefully with the ruler scale, or the ruler 
is warped or rounded. Reading a ruler involves sighting , 
estimating, and judgment . All three tend to give an approx- 
imate value to the measurement, resulting in small "errors". 
We cannot hope to eliminate all errors but with practice, 
the size of these errors can be reduced . 

* 

y 

s 

X 

s 

WATCH CAREFULLY. . . 



The remainder of this lesson will be developed with the 
aid of the overhead projector. Listen carefully and parti- 
cipate in the discussion. If you have questions during the 
discussion, ask them. 
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CONTENT AND APPROACH 

This lesson will he developed using an overhead projec- 
tor and prepared transparencies. The guidelines for ruler 



all errors in measuring (p.48), illustrating the approximate 
nature of measurement, should be discussed in conjunction 
with the transparencies. Topics from previous lessons can 
he reviewed hy asking questions such as those included in the 
exercises of Lesson 7. 

Comments on the use of the transparencies are listed on 
on pages T 49 through T 5-1. Note that TR 8-5* TR 8-6, and TR 8-7 
are reproduced in the student booklet so that each student may 
attempt the measurements required on their own and have imme- 
diate feedback and discussion of their results via the use of 
the transparencies, acetate rulers, and an overhead projector. 

Although only one objective (with four precisions) is 
listed for Lesson 8, this skill requires a great deal of 
practice and encompasses many sub-skills. For many classes, 
the development of this lesson and discussion of the material 
on the transparencies will take more than one class period. 



This transparency illustrates Guideline #5 (p.47). If 
you wish to discuss this guideline in detail (other than in- 
dicating the guideline in the student booklet) use this trans- 
parency in conjunction with the comments at the bottom of page 
T 47. 



use 



p.47) and the comments or. the inability to eliminate 



TR8 -1 




49 



: I 



. ® ¥ 
lERJC l 



INCH 

I 1 



CENTIMETER 









\ 



i 



* 



i 



\ 



* 
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T 49 



and 



’1 \v ■ mnwfcency 
I,! ,< .■■■’ need 

. - 1 V- • sufficient pra 



of the class will 'determine how many of 
to be discussed. Few test developments 
tice in reading rulers to tenths of an 



inch or 
should p 
over] ay 
on each 
division 



tenths of a centimeter (mm.). Thus, transparency 8-4 
robably be given special attention. Use the T-Square 
to obtain the readings to the precision indicated 
ruler. Use the length of the smallest ruler sub- 
as the unit, in finding the measures for the segments 



pin lured . 

A related activity would be to project the acetate rulers 
on the screen and ash questions similar to those in the 
EXERCISES of the student booklet. In particular, ask the 
students some questions similar to those in exercise 2, p. 52 . 



Another topic for discussion would be how the ruler in 
1 in. can be used to replace all the rulers on TR 8-2 and 
.8 -3 except for the one graduated in tenths of an inch. 

TR 8-9 and 8-6 



The competency of the class will determine ho w much of 
this material needs to be re-developed, and ho w much is 
merely a review. Some classes will be able to skip parts 
of these two transparencies. 

It is essential that the estimation sections of the 
problems be done. The ability to make good estimations is 
a practical skill and should be practiced whenever possible. 
Student may enjoy competing as individuals or as teams trying 
to obtain the "best" estimate. 

The drawings on TR 8-5 and 8-6 are reproduced in the 
student booklet so the students can use their own rulers to 
measure- the segments and have their v/ork checked by 
demonstration on the overhead. 
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More work with scale drawings wil be done later. The 
s.-aie drawings here are used to motivate the student to 
’Measure. 

Questions which can be used with TR o-7 are listed 
below. 

Questions for TR 8-7 



Armadillo, Swordfish, and Blue jay 



1 . 



2 . 



What is the length (height) of the scale drawing? 

(to the nearest inch) 

Using the given scale, find the actual length (height), 
a) in inches b) in feet 



DC -3 and SUPERSONIC TRANSPORT 



1. What is the length of the scale drawing (to the nearest 

inch)? 

2. Using the given scale, what is the actual length of the 
plane in feet? 






ft 
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ARMADILLO 




I"* |8" 



SCALE DRAWINGS 



SWORDFISH 




DC-3 




r- ic’o 




o I 
ERIC 











































- 


r 


mi 














III 










1 




1 










1 

1 




III 














1 i 










-- 




11 










mi 






1 




1 
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BLUE JAY 
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LIFE EXPECTANCY 
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Prom Life Insurance Fact Book - 1968 
Institute of Lire insurance. 

Hears are to the nearest whole year. 




BAR OKA PH 



. 1 . 



The height- of the bar for ago 33 rep re 
years. Each, unit on the vertical axis 
are four) represents how many years? 



ents 40 

( there 



What is the life expectancy of a person who 
reaches the age of 44 ? of 57 ? of 72? 



3 . Using the information given what would be an 
estimate for the life expectancy of a person 
who reaches the age of 38 ? of 50? (The actual 
data is 35.74 years for a person of 38 and 
25.29 for a person of 50.) 



General Questions 



1 . 



The actual 
is about 5 
Why is its 
the DC -3? 
drawing be 



length of the supersonic transport 
times the actual length of the DC-3, 
drawing not 5 times the length of 
Under what conditions would its 
5 times the length cf DC-3 draining? 



p 



Assume the same scale as given on the scale 
drawings. Complete the following : 



Length of 

Subject scale drawing Actual length 

a) Blue jay 1? " ? 

b) Blue jay ? ■ 10 " 



c) Swordfish 2" 



d) Armadillo l-j?" ? 

e) Armadillo ? 24" 
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EXERCISES 



1. The ruler below is graduated in tenths of a centimeter. 




Indicate by a letter and arrow each of the following loca- 
tions on the above ruler. 



a. 6.4 cm. c. 2.2 cm. 

b. 10.0 cm. d. 7*3 cm. 

2. For each part, draw a segment which fits the given de- 
scription. Draw each segment in the space below its 
description. A starting point for each segment is given. 

a. RS: 3 1 in. < m(RS) < 4 in. 

To the nearest ^ in., m(RS) - 3^ in. 

R . 

b. OR: 3-2 cm. < m(W)<3.3 cm. 

To the nearest .1 cm., m(0R)= 3.3 cm. 

0 . 

c. WX: 2^ in. < m(WX) < 2^ in. 

To the nearest ^ in., m(WX) = 2 in. 

w. 

d. GH: To the nearest yg- in., m(GH) = 2 in. 

6 . 

e. TJ: To the nearest cm., m(IJ) = 8 cm. 
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ANSWERS 




. Each of these must be cheeked individually. 

Properties of correct responses are listed below. 

An acetate overlay which can be used to chock answers 

is provided. 

a. ;'A in. < m(RS) < 3fj- in * 

b . 3 . 25 cm . < m(OR) < 3*3 cm . 

c. 2£ in. < m(WX) < P.'A in - 

d. 2 10*1 in. <_ m(GH) < 2 11? in. 

fU ~ 1 6 

or 

2 21 in. < m(GH) < 2 23 in. 

32 32 

e. 7.5 cm. < rn(IJ) < 8.5 cm. 

NOTE: There are a variety of correct responses to exercise 2 

This exercise may be used to reinforce the approxi 
mate nature of measurement. A measure establishes 
a range for a length, it does not give an exact 
indication of the length. When discussing the 
results for d and e, ask "How long could a correct 
response be?" and "How short could a correct 
response be?" 
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3. Estimate which segment below is nearest to... 



a. two inches in length. 



b. two centimeters in length. 






ABCDEFGH JJKLM 

4. The ruler below is graduated in sixteenths of an inch. 





'ITI'IT 


'I 1 


, l'| l l l | l l l |'l l 


'I'lTri'i'i 1 




l l l | l l l |T|T 


l l'| l l ! | l l l | l l l 






1 




1 




1 



I 



Indicate by a letter and arrow each of the following 
locations on the above ruler scale. 



5 ? 



a. 1-^p in. 

16 

b. 2 - in. (2 \ in. ) 

4 16 

c . — in . 

2 



d. 1 ^ in. 

e. 2 — in, 

16 

f. in. 

8 
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answers 




b . 



L 
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For each ruler location, circle the whole inch measure 
to which it is closest. If it is equally close to both 



■cle 


both. 








RULER LOCATION 


WHOLE INCHES 


a. 


" H in ' 


2 in. 


3 in. 


b. 


vs ip - 


1 in. 


0 in. 


c: . 


1 IF in * 


1 in. 


2 in. 


d. 


1 IE in * 


3 in. 


1 in. 


e. 


H in * 


0 in. • 


1 in. 



For questions 6 and 7 do the measuring and drawing re- 
quired and complete the blanks so that each statement is 
true. Some parts are done as examples. 

6. a. Draw AB 1-^in. long. Draw BC" 1^- long. 

m(AC) = in. l| + 1^ =_ . 



b. Draw RS g in. long. Draw ST in. long. 

m(RT) = in. g + = 



c. Draw WX 2.8 cm. long. Draw XY 3*5 cm. long. 
m(WY) « cm. 2.8 + 3-5 = 



• r 
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answers 



a . 


.5 


inches 




b. 


1 


inch 


These are the responses 
that should have been 


c . 


1 


inch 


' Lrcled. 


d . 


1 


inch 




e . 


0 


inches 





6 . 



a . l'g’ + 1 4" = 2 



b. 



m(RT) 




7 + 3 = tz or 1 - in. 
H l£ — 16 



c . m(WY) = 6. 3 cm. 



2.8 + 3.5 = 6.3 



NOTE: The partially worked example (6a) indicates how the 

segments for each part are to drawn in relation to 
each other. 






f 



I 



7. Use the given line segment to compute the following sums. 
The precision of measurement is given in parentheses. 



a. 




3 

■? 



5 _ 



B 




(to nearest ^ in.) 




b. 



(to. nearest 



1 

IB 



in. ) 




c. 



(to nearest in.) 




3 _ 
¥ " 



d . 



(to nearest .1 cm.) 



5.8 + 3.9 = 



e . 



(to nearest .1 in.) 



2.7 + 1.6 = 



f. 



■i5+2 I 



(to nearest g in.) 



8 



8 
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ANSWERS 



7. a 




3 




V). 7 + 7 =* 21 

16 B .1 6 




lc 



4 16 




e. 2.7 !- 1.6 = 4j_3 

f. 15+2 7 = 3 1 



12 = 4 4 or 4 l 
3 8 2 



CONTENT AND APPROACH 

Exercises 6 and 7 are primarily measurement exercises 
in which the student practices his skill in using a ruler. 
The questions have been designed so that each measurement 
pictures a sum of two rational numbers (written in either 
decimal or fraction form). Hopefully 3 these exercises can 
be used to reinforce these computational skills. When dis- 
• cussing the results the student should be asked how these 
sums would be computed without measuring the segments. (Re- 
fer to Lesson 7 — exercises 4 and 5~and the work on equi- 
valent fractions in both Lesson 7 and the booklet ACTIVITIES 
WITH RATIO AND PROPORTION . ) 

NOTE: The partially worked example (7a) indicates how each 



problem is to be worked. The measurement to be done 
is indicated by the brace. 
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8. For each segment named in TABLE 8-1, (1) estimate its 

length, and (2) measure its length to the nearest ^ in.. 





TABLE 8-1 



SEGMENT 


ESTIMATE 


LENGTH TO THE NEAREST... 


H in> 


16 in * 


.1 cm. 


CD 










OP 










NQ 










HK 










FE 










W 
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THINGS TO DISCUSS 



0 




Some variation in readings for exercise 8 may occur due 
to scale distortions on the cardboard rulers and/or in- 
ability to locate the endpoints of the segments (the 
line segments are drawn with a broad pen). Reasons 
for variation in readings could be a topic for class 
discussion when discussing the results. 

ANSWERS 



TABLE 8-1 







LENGTH TO THE NEAREST. . . 


SEGMENT 


ESTIMATE 


1 . 

— m. 

8 


— in. 
16 


.1 cm. 


CD 


-X- 


6 in . 

8 


13 in. 
16 


2.0 cm. 


OP 


-X* 


1 in. 


15 in. 

16 in. 


2.4 cm. 


NQ 


* 


1 in. 


15 in. 
IF 


2.4 cm. 


HK 


•* 


4 | m. 


4 8- in. 
lb 


3 1.2 cm. 


FE 


.v* 


F 1 - 


I in. 
16 


3. . 1 cm . 


EY 


* 


| in. 


£ in. 
16 


1. 5 cm. 



* Estimates will vary. 




* 
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9 . To the nearest .1 inch, the length of HI is 5»^ cm * 
Estimate in tenths of a centimeter the lengths of the 
following segments. 

a. TJ c * 

b. AC 

D. Find the perimeter (distance around) to the nearest .1 cm 
for the quadrilateral pictured on page 5 6 . — 




ANSWERS 



This question 
length tc be 



reviews estimation by comparing the 
estimated with a segment of known 



length (which is used as the estimation guide). 



The 



length of the segments to the nearest .1 cm. are: 



a. rn(IJ) = 3.6 cm. c. m(LM) = lb. .U cm. 

b. m(AC) = 3.5 cm. 



* 10 , 



. *•> 



cin. 



THINGS TO DISCUSS 

The following could be used in conjunction with question 

iv' 8 of the EXERCISES. 

1. To the nearest .1 inch, what is the length of the 
altitude of A ABC ? 

2. What is the relationship between OP and NQ? 

(They are the same length and parallel.) 

* Inability to get accurate readings for the four segments 

may cause some variations in the sum (See THINGS TO DISCUSS , 
p. 56 ). The measurements used to obtain the sum of 28.5 cm. 
were. . . 

rn(IJ) = 3.6 cm. rn(HK) = 11.2 cm. 

m(JK) = 8.7 cm. m(HI) = cm. 



O 
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LESSON 9 



WHEN RULES ARE BROKEN 



In the next set of EXERCISES you will use two broken 
rulers like those pictured below. 





EXERCISES 



1. Measure each of the following segments to the nearest.. 

a. i inch using ruler A, and 
o 

b. ^ centimeter using ruler B. 



Record your results in the TABLE 9-1 
Broken ruler ) 



(in rows labeled 



I ► 



II h 



•4 III I- 



IV I- 



V ^ 
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WHEN RULES ARE BROKEN 



OBJECTIVES 




EQUIPMENT AND TEACHING AIDS 
A. STUDENT 

1. Rulers graduated in (a) .1 in. (b) .1 cm. 

16 



CONTENT AND APPROACH 

The student is required to measure the five segments 
on page 42 using both the broken rulers and rulers used 
in previous lessons. 

If you feel the additional practice would be valuable, 
the student could be asked to estimate the lengths for some 
of the segments prior to measuring. 

Notice that the ruler used to measure to the nearest i 



inch is graduated in sixteenths of an inch. It may be nece- 
ssary to review with the class the meaning of the various 
markings (which markings represent \ inches, inches,...) 
prior to EXERCISES II . An acetate ruler can be used with 
an overhead projector to project a picture of the ruler 
during the discussion. 



Broken rulers graduated in (a) 1 in. (b) .1 cm 

To 



B. TEACHER 



1. Acetate rulers (graduated like those provided 



the student). 

2. Overhead projector 

3. Projector screen 




TABLE 9-1 



SEGMENT 


LENGTH TO THE NEAREST... 




1 inch 

H 


1 cm. 
10 


T 






Broken ruler 


X 






Unbroken ruler 


ii 






Broken ruler 








Unbroken ruler 


in 






Broken ruler 






Unbroken ruler 


IV 






Broken ruler 






Unbroken ruler 


V 






Broken ruler 






Unbroken ruler 



2. Measure each of the same segments to the same precisions 
using rulers that are not broken. Record your results 
in TABLE 9“1* (in rows labeled Unbroken ruler ) 



DISCUSSION QUESTIONS 

1. For problem 1, did everyone in the class use the same 
point on the ruler as their "zero point"? 

2 Could you use any point on the ruler scale as the "zero 
point"? Would some points be more convenient to use 
than others? 

3 - Why were the measures using either the broken ruler or 
the unbroken ruler the same? 



START WHERE YOU WANT TO. . . 

The previous EXERCISES demonstrated that it is not 
necessary to use the point labeled zero as the"zero point" 
when reading a ruler. In fact, there are times when it may 
be preferable to begin your reading v/ith some point other 
than the "zero point" labeled on the ruler. 




ANSWERS 



TABLE 9-1 



LENGTH TO THE NEAREST... 



;EGMENT 


1_ 

b inch 


3 . 

~0 cm. 


I 


k l 
8 


o 

O 

i — i 


II 


1 § in. 

0 


3 . 1 cm 


III 


m. 


u . D 


IV 


6| in. 

ij 


l6.9 cm 


V 


3 in. 


7 • 7 cm 



NOTE: The measures using the broken and unbroken rulers 

are the same for each segment. 

The DISCUSSION QUESTIONS on page 59 discuss the results 
of TABLE 9-1 • The major conclusion of this section is 
brought out through the discussion of question 2 . The answer 
to the first part of this question is obviously "yes". Some 
points on the ruler scale (like j., . . . ) are more con- 

venient to use because they simplify the computation and 
counting necessary to determine the measure when using a 
point other than zero as the origin. 

START WHERE YOU WANT TO discusses situations where the 
use of a point other than the zero point of the ruler is 
preferable. It is important that the students see a possible 
need for the measuring done in this lesson. This section can 
be used as an extension of the DISCUSSION QUESTIONS on 
page 59- 



O 
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For example, the ruler pictured below has an end which 
is "broken off" making the zero point hard to locate. 
Therefore, it would be preferable to use another point as 
the starting point. Shown below is XY being measured using 
three different points as the "zero point." 



xi 1 Y 



J 

A. 

i 


rH 
0 1 


1 i 


■ i 1 

i 3 


n 




m(XY) = 

»*» — 


= 3^ ■ 1 8 2| inche 

!«.* 


s 


X*— 


•Y 


B. 


■rrjr- 
0 1 


I'M 

i : 


1 1 1 

2 


.'t 




m(XY) « 

y u. 


= 2^ - ^ = 2 ^ inche 


(S 

Y 


A P 




a ( 


V r T T ~] 
0 1 


rn 

i i 


1 1 
l 3 


n 



m(XY) = 3 - ^ = 2jp inches 

In all cases, m(XY) = 2^- inches when measured to the 
nearest ^ inch. Because ruler edges tend to wear and become 
rounded with use, some rulers inset the zero point of the 
scale so that the zero point can be determined despite the 
rounding. (See sketch below.) The rulers you are using 
in this unit are marked in this manner. 




THINGS TO DISCUSS 



Notice the comment at the bottom of page 60 concerning 
the inset zero point (see page T 4l for additional comments). 
In most instances the inset zero point is preferable. How- 
ever, there are situations in which it would be preferable 
to have the zero point at the end of the ruler. For example, 
if you were measuring the height of a picture from the floor, 
this height could be read directly from the ruler scale if the 
zero point Is at the end of the ruler. 




6l 







ADDITION AND SUBTRACTION WITH RULERS 

Lessons. 7 and 8 included some exercises in which rulers 
and segment lengths were used to illustrate the addition and 
equivalence of certain fractions. 

For example, the rulers below are illustrating the 

5 . 6 11 ,3 

sum t + g'T =1 5- 




The same picture can be used to illustrate two related 
subtraction facts: 




The two rulers above are illustrating the sum 
^ ^ = -ip = 2 ~~ (This could be written 1 ^ + ^ = ) • 



What two subtraction facts are related to this sum? 








CONTENT AND APPROACH 



As ] n Lessens / ana •••>. tne exercisers are pri.mari.Ly 
measurement activities. However, rulers .can be use-1 to 
illustrate some properties of and operations with rational 
numbers, then seine point of a ruler scale other than xero 
is used as the "sere point" it is -sometimes necessary to 
subtract rational numbers (the readings at each of the end- 
points ) to obtain the measure of a segment. Per this reason, 
some practice with subtraction of rational numbers is in- 
cluded in Lesson Q. 



On the first ruler, to illustrate the sum -- 2 the 

o o 

following lengths are combined (see picture below) : 
m(AB) -i- m(CD) = m(EF) 



£ 

A 



■43 



I I It I I I I I II I I I I I 



7 

4 



3 


. 5 


_ 6 


i ^ 


8 


O 

O' 


8 


X o 


3 

o 


6 

‘ 8 


_ 5 

o 


is : 


subtraction 


fact 


t 


and 


2 


II 



7 , 2 _ P £ 

4 + L\. ~ 2 2| 



When discussing these illustrations, computational skills 
can be reviewed by asking how these sums and differences can 

be computed without using the rulers. (See page T 62 for 
strategies. ) 



O 
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Segment lengths could also be used to illustrate the 
addition and subtraction of fractions . 




sum g 


+ 8 * 




m(AC) 


II . 
1 


+ m(BC) 


m(AC) 


= |in. 


+ 1 in - 


m(EU) 


_ 11 in. 
8 


= 1 § : 


5 , 6 _ n 

8 8 " 8 


-1 



Since m(AC) - m(AB) = m(BC) and m(AC) - m(BC) = m(AB), 

•5 3 6 * " “ 

the picture also illustrates 1^ " 8 = 3 



| - 5 - I and ll IS-'#. 



8 8 8 



What is m(XY) in the figure below? 

Z X Y 

h 1 1 



tTTTrrn 


rrrrrn 


I 


T 


T 


"P 


1 


m 


1 

rr 


1 

1 


1 


1 


T 


T 


T 


"R 








1 


1 


' 


1 


1 


1 


1 


1 


1 


1 


* 


1 


1 






( 




2 


3 


4 5 J 



m(XY) = m(ZY) - m(ZX) 
m(XY) = 3 | in. - | in. 



m 



(XY) = ^ in. - 1 in. 



But the bottom ruler shows that m(XT) = 2 ^ or ^ in. 

Therefore 3 — - Z - ?Z. _ Z = ZZ — 2 — 
mereiore, dg g g g g ^g. 



. 149 



Seme strategies which can be used (refer to work on 
equivalent fractions previously done in this booklet and 

ACTIVITIES WITH RATIO AND PROPORTION ) in reviovn.no the com- 
putational skills illustrated on pages 0I-63 are listed below. 



\mc 



I. a. 1 £ 

i J 



1 



8 



(1 + 
(1 -1- 



tr) ~ 7 ” ~ (77 ! * ^ “ 77 



;) 

u 

u 



:i 1 



r~ 



6 

U 

u 



8 ' 8 ^8 8 ^ o 8 ^ 8 

8 6 



^ _ 



c 



£ 

V;. 



II. 



a . - 






7 T « ( • 



4 



b. o £ 
” 4 

- ] 'it 



(i 



10 

4 

+ i) 

1 



i- 1) - (1 .u 2) = /& £\ _ + 2) = 

4 ; v 4" v 4 4 ' '4 4/ 

7 _ 3 
4 4 



+ - 1 t (1 +-) 

4 v 4 



-t- — - l -1- — 

4 4 



1 + - 



- 1 - f 



2 



1 i = (2 
( x + f) 



0+ l = l 

f) - ( 1 + |) = ( x -^ + |)-d+|) 



- (l-.- 3 )= (i.i) + (| - |) = | 



Additional practice with equivalent fractions can be given 

by asking the student to write sums and differences in simplest 

form. Notice that although £ in. and -f? in. represent the same 

6 q 4 

point on a ruler scale, 7- in. and -p in. do not represent the 

6 ° 4 t 

same measure as -5- in. represents a measurement to the nearest 

-o O o 

in. and ^ in. represents a measurement to the nearest -jj- in. • 
This is not a critical distinction at this stage but will be- 
come critical when precision is discussed in more detail and 
measurements will be written to indicate the precision of the 
measurement. 

As no use is made of this distinction in this booklet. 
There is probably need to discuss it at this time. However 
avoid giving the students the impression that ^ in. = 2. in., 
as this may create problems later on. 
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